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Announcement was made in the autumn of 1953, 
by the National Foundation for Infantile Paralysis, of 
its decision to conduct a large field trial in the pre- 
vention of poliomyelitis with a vaccine developed by 
Dr. Jonas E. Salk. The vaccine was to contain the 
three known types of virus in the form of fluid from 
cultures containing monkey kidney cells, and inacti- 
vated by formalin. The wisdom, safety and practi- 
cability of an undertaking of that size, at that time 
with the proposed material became a subject of exten- 
sive, warm public and scientific discussion. The de- 
cision was, nevertheless, reaffirmed; arrangements 
for manufacture of vaccine had been made and the plan 
of trial had been accepted by a number of the medical 
and health authorities who would be responsible for 
carrying it out. The proposal was made at that time 
by the Foundation that a Center, to conduct a scien- 
tific evaluation of the effectiveness of the vaccine, if 
any, be established at the University of Michigan. It 
was apparent that such a study was necessary in view 
of the charged atmosphere, but a number of questions 
had to be carefully considered. 


The controversy concerning the vaccine cen- 
tered about its risks and its potential effect in com- 
parison with others which might be developed. There 
was a sound experimental background from many 
studies for the probability that a proper vaccine could 
be effective. The demonstrated protective effect in 
experimental animals and in man of antibody in the 
form of gamma globulin, was strong evidence that 
antibody was the essential feature in protection 
against paralytic poliomyelitis. Salk had shown that 
vaccine prepared in the intended manner, had a good 
capacity to induce in man the production of antibody 
to the three known types of poliomyelitis virus. 
Whether vaccine of that character could be as effec- 
tive or its effect as durable as others which might 
subsequently be developed was largely a theoretical 
discussion since none had been tested. Assurance 
was gained by detailed investigations of the questions 
raised, that vaccine would be subjected to careful re- 
quirements for safety before its use. 


A study of considerable size was necessary if 
an effect against the disease was to be measured but 
the prime necessity was that it could be conducted 
under sufficiently uniform conditions of procedure 
and with acceptances of the requirements which would 
permit integration of the data from different areas. 
The work would depend on the willingness of the local 
agencies to provide the needed information. Assur- 
ance that these conditions could be reasonably met 
was obtained. In addition, the public reactions ap- 
peared to be favorable to the trial. 


INTRODUCTION 


Extensive consultation was held with many 
persons especially qualified in various phases of the 
work which would be necessary to the conduct of an 
adequate program of evaluation. The experience 
gained from extensive field studies of other problems 
was carefully reviewed. Asa result of these con- 
siderations and the promises of support from many 
sides, the conclusion was reached that conditions 
offered a reasonable probability for a reliable, ob- 
jective measurement of results. 


The conditions under which a Center would 
function needed to be defined. It was agreed that the 
finances provided by the National Foundation should 
be administered by the University, that the Center 
would function as the executive agency of the evalua- 
tion program, and that it alone would be responsible 
for the analysis of a!l data and for any reports. 


The administrative officers of the University 
of Michigan indicated, because the field trial was of 
such wide public and scientific interest, that, asa 
state university, it would consider use of its facilities 
for the evaluation program a proper contribution in 
the public service, provided the prospective study 
could be adequately done. 


Obviously the decision involved more than a 
private venture. Acceptance of the task implied 
the acceptance of a public confidence. It entailed 
responsibility not only to the sponsors of the field 
trial but to the active participants in the study who 
would be bearing the load and sharing the risks; to 
our scientific colleagues, who, through the years, 
have contributed, with high standards of integrity, 
to the public confidence in the scientific approach 
to problems; and, above all, to the public who daily 
demonstrated their confidence in the value of medi- 
cal investigation by their support of it. No matter 
what the answer, it should be honestly sought and 
objectively arrived at. 


The obtaining of a staff to form a Center ina 
short time was fortunately met. Dr. Robert F. Korns, 
Epidemiologist of the New York State Department of 
Health obtained a leave of absence to become Deputy 
Director of the Center. With the help of Professors 
Rensis Likert and Angus Campbell of the Institute of 
Social Research, Robert B. Voight, Morton Boisen, 
Miss Eva Tolchinsky, and for a period, Miss Lillian I. 
Hoffman were granted leaves of absence by the United 
States Bureau of the Census to assume the responsi- 
bility of Statistical Operations. They were joined by 
John A, Napier who had previously been associated 
with them. 
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The funds appropriated by the National Founda- 
tion for Infantile Paralysis to the University of Michi- 
gan provided for all the necessary phases of the eval- 
uation program so that any investigation essential to 
the evaluation could be implemented. The Foundation 
has supplied information or other assistance when 
requested but has insisted at all times that the 
Evaluation Program was solely the responsibility 
of the Center, 


The report which follows is not a presentation 
of incomplete, preliminary data. It is a summary of 
data from the entire vaccine evaluation program, a 
summary of analyses from records which, with the 
exception of certain serologic data, are complete. A 
number of details have, of necessity, been omitted 
and other features are presented in abbreviated form. 


It is expected that investigation of corollary informa- 
tion present in the accumulated records, additional 
analyses and further investigations suggested by the 
data will be included in a final complete report. 


In offering the present report it is clearly 
recognized that the Vaccine Evaluation Center has 
functioned administratively as the communications 
center, The results have come from efforts of thou- 
sands of people working in the study communities 
and from the interested participation of children and 
parents in an international scientific experiment. To 
the volunteers whether in health departments, prac- 
tising physicians, school authorities or just people, 
our grateful acknowledgments are made. It is our 
hope that the report is worthy of their effort. 
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Establishment of Study Population and Participants 


of Field Trial Areas: The selection 
of areas in which to carry out the field trials sought 
to meet the geographic peculiarities of poliomyelitis 
and to anticipate the areas in which the disease would 
be most prevalent. The National Foundation for In- 
fantile Paralysis with extensive study had developed 
a basis for concluding that, in the aggregate, counties 
demonstrating consistently high reported poliomye- 
litis attack rates during the previous five year period 
were more likely to have attack rates in excess of 
the national average during the study period. The 
100 counties with populations from 50,000 to 200, 000, 
and with consistently the highest reported incidence 
of poliomyelitis 1946 through 1950, were observed 
to have an attack rate of 31 per 100, 000 population 
in 1951 compared with a rate of 20 per 100, 000 in 
other counties of similar population. In 1952 these 
same counties had a reported poliomyelitis attack 
rate of 58 per 100,000 compared with 38 for the 
other counties. Moreover, in 1952 the counties had 
an average of 42 paralytic cases per 100,000 popula- 
tion in the 6-9 year age group, which was well above 
that of the remainder of the country. This factor, 
plus consideration of the age distribution of the popu- 
lation and the seasonal pattern of poliomyelitis in 
the area, led to a listing of counties of this size in 
order of priority for consideration by the state and 
local health officers concerned, as a basis for se- 
lecting the actual trial areas. Many practical ad- 
ministrative matters influenced these officials in 
making their final selections, including the avail- 
ability of an adequately organized county health de- 
partment to carry out the program. 


Selection of Plans: 


1. Observed Control Study. The plan of pro- 
cedure anncunced by the National Foundation for 
Infantile Paralysis and its Advisory Committee was 
to administer vaccine to children in the second grade 
of school; the corresponding first and third graders 
would not be inoculated but would be kept under ob- 
servation for the occurrence of poliomyelitis in 
comparison with the inoculated second graders. 

This has been designated the "Observed Control" 
study. The plan poses difficulties to objectivity 

in that knowledge of the vaccination status of a pa- 
tient is readily determinable and the introduction 

of even unintentional bias can result; its adequacy 
would depend upon a high incidence and severity of 
disease, a high degree of effectiveness of vaccine, 
and the care with which the data were collected, A 
number of states, however, had already made their 
decision to participate on this basis. When finally 
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arranged the procedure was followed in 127 areas 
of 33 states with total population in the first, second 
and third grades of 1,080,680. The areas represent 
complete counties with exception of Kansas City and 
the town units of Connecticut. 


2. Placebo Control Study. Since the problem 
was to measure the degree of effectiveness, if any, 
of an untried product, it was important to have data 
which could provide an accurate gauge of the effect, 
free of possible bias in diagnosis and reporting. 
There was introduced, therefore, a second plan 
corresponding in pattern to that usually employed 
in scientific investigations. Children of the first, 
second, and third grades would be combined. One 
half would receive vaccine; the other matching half, 
serving as strict controls, would receive a solution 
of similar appearance which should have no influence 
on immunity to poliomyelitis. Each child would re- 
ceive the same lot of material, labeled only by code, 
for all three inoculations. Only the Evaluation Cen- 
ter would have the key. A single lot of each material 
was, so far as possible, to be used in a given area. 
The children in the study would be observed there- 
after and all reports reiating to a case of poliomye- 
litis would be made on a concealed or blindfold basis 
without knowledge of the nature of the inoculum. Al- 
though the operative procedures of the placebo plan 
would require much more work and care, a number 
of well populated states indicated their preference 
for it and the "Placebo Control" study was incorpo- 
rated into the field trial. It comprised 84 areas of 
11 states with population in the first, second and 
third school grades of 749,236. Here again areas 
represented counties except for the combined areas 
of New York City and the town units of Massachusetts. 


In a short time, plans for collecting and record- 
ing information on the involved population were de- 
vised by the staffs of the Vaccine Evaluation Center 
and of the NFIP. A Manual of Procedures provided 
detailed instructions for the registration, vaccina- 
tion and follow-up of the children. Great efforts 
were made to acquaint the responsible .dministrative 
groups in the study areas with the need for accuracy, 
uniformity, completeness in performance and re- 
cording. It was clearly emphasized that all areas 
were part of a coordinated study with the Vaccine 
Evaluation Center serving as the central agency to 
which all records would come for assimilation and 
analysis. 


It was readily agreed, as a condition for 
participation, that local prelirainary estimates or 
reports would not be made until the Center had made 
a report of the total experience. This was necessary 


in order to avoid the possibility of early and unre- 
liable estimates of the effectiveness of the vaccine, 
based on small numbers and subject to great irreg- 
ularity. 


Identification of the Study Population: It is 


obviously essential in a study of a phenomenon aris- 
ing in a limited, selected population that the mem- 
bers of that population be clearly recorded, and 
their status with respect to the study be established. 
They constitute the denominator against which all 
effects are to be measured; hence, any child in the 
group who subsequently would be reported to have 
poliomyelitis could be specifically identified. A 
series of records with cross references was then 
prepared. 


1. Registration. The basic record is a Regis- 
tration Schedule (Form FT-3) on which was entered 
the name of each child in a first, second or third grade 
class of a participating school. Since each sheet and 
line was numbered uniquely, a person could be per- 
manently identified on that basis. Address, date of 
birth, sex, color, previous history of poliomyelitis 
or disability were to be recorded. Furthermore, 
data with respect to participation and inoculation 
were subsequently to be entered as a cross check of 
data on other forms. The same procedure applied 
to the placebo and observed areas alike. It was nec- 
essary in some of the observed areas to emphasize 
repeatedly that these records were required for the 
first and third graders who were not inoculated but 
who constituted the control population. The regis- 
tration thus obtained constituted the total study 
population. 


Table 1a. Distribution of Study Population by Partici- 
pation Status and Vaccination Status - Placebo Areas 


Study Population Number Percent 


Total in Grades 1, 2 and 3 749,236 100.0 


Total requests to participate 455,474 60.8 


Complete series of injections: 


Vaccine 200, 745 


26.8 
201,229 26.9 


8, 484 
8,577 


2. Participation Request. Each child was to 
receive a form briefly telling of the pattern of study - 
observed (FT-1) or placebo (FT-2) - on which a 
parent could make written request for the child to 
participate in the study, whether to be inoculated or 
not, It also gave permission for the collection of 
specimens of blood, if needed. When a specifically 
signed request was returned, this fact was to be 
entered in the proper space on the Registration 
Schedule. Specific refusals were entered, and when 
the form was not returned or returned not signed, 
that was to be appropriately recorded as "no". Cer- 
tain irregularities were encountered in the observed 
areas since only one grade was subject to vaccination; 
for example, request forms were sometimes used 
only for those control children who were to give 
samples of blood, so that yeses and noes in those 
groups could not be fully defined. 


3. Vaccination Record. This form (FT-4) was 
filled out for each person who received an inoculation 
or from whom blood was taken. It duplicated the iden- 
tification contained in the Registration Schedule and 
the name of the signer of the request form. Three 
injections of 1 cc each were to be given intramuscu- 
larly at 0, 1 and 5 weeks, respectively. The date of 
each inoculation, the lot or code number of the ma- 
terial given, the name of the physician and date blood 
drawn was recorded. Space was provided for re- 
cording any evidence of reactions. When the vaccina- 
tion series was not completed, the reason was to be 
stated. The dates of inoculation and of blood speci- 
mens were also entered on the Registration Schedule, 
permitting a check for accuracy or inconsistencies. 


After a careful check of the 
records with enrollment figures for the first three 
grades in each participating school, submitted to 
the Center at the time of the vaccination clinics, 
and persistent effort on the part of the Center staff 
through correspondence and personal visits to more 
than 30 trial areas during the course of the summer 
and fall, complete registration was obtained from all 
schools in the placebo areas except for six schools 
where the children whose parents refused participa- 
tion were not included. In the observed areas com- 
plete records were obtained from all except twenty - 
six schools with a total estimated enrollment in the 
first three grades of 916 or .08 percent of the total 
observed area study population. 


These essential records were prepared in trip- 
licate. When vaccinations were completed and the 
blood specimens collected, they were to be edited 
locally and the first two copies sent to the State Health 
Cepartment which, after review, would send the orig- 
inal copy of the Registration Schedule and the Vaccina- 
tion Record to the Evaluation Center. The extensive 
work involved in editing, completing and processing 
these records is detailed in appendix. 


2 
Placebo 
Incomplete injections: 
Vaccine 1.1 
Absent at first clinic 
or withdrew 36, 439 4.9 
Number not requesting 
participation 280,868 37.5 
Participation status 
not recorded 12, 894 1.7 


4. Procurement of Blood Specimens. The only 
* data with respect to the antibody response of humans 
to vaccine of the nature employed in the field trial were 
those reported by Dr. Salk. But there was only a 
small number of laboratories in position to under- 
take studies on the scale projected and few with ex- 
perience in extensive serologic testing. In order to 
gain information of the responses to different lots of 
material subjected to transportation and variable field 
field conditions, it was decided in consultation with 
experts in the laboratory investigation of poliomyelitis 
to obtain specimens of blood prior to inoculation from 
a two percent sample of children who were to receive 
vaccine, and from controls, and from these same per- 
sons again two weeks after vaccinations were com- 
pleted. By titration of the sera for antibody levels by 
means of tissue cultures of monkey kidney or HeLa 
cells, evidence would be provided regarding the oc- 
currence of antibodies to the different types of polio- 
myelitis virus in the various parts of the country and 
the changes in titer induced by vaccine. It would give 
a view of the variation in the potency of lots of vaccine 
or of the same lot in different areas. Moreover, the 
results could be measured in persons without demon- 
strated antibody to any type in comparison with a re- 
inforcing effect in persons who already possessed 
some antibody. The specimens from control subjects 
would also provide a base line for measuring any con- 
current changes which inight take place in the popula- 
tion through natural exposures, and permit accurate 
conclusions as to the antigenic activity of the vaccine. 
It was also urged that blood specimens be obtained 
from the same persons again at the end of the polio- 
myelitis season of 1954; this was carried out in No- 
vember. The laboratories would be uninformed as to 
whether the specimens were from a vaccinated or con- 
trol child and the tests would largely be done on an 
unselected basis. 


Number of Blood Specimens Collected at Pre- 
and Post-Vaccination Bleedings and Third 
Bleedings in November 


Third 
Bleedings 


Second 
Bleedings 


First 
Bleedings 


No. 


No.| % 


No. | % 


11, 870 


14,475 100.0 12,382 100.0 


Placebo areas 
Vaccinated 
Placebo 
Observed areas 26,406 100.0 20,046 100.0 20,931 
7,870 39.2 ¥ 


7,220 49.9 6,210 50.1 y 
7,255 50.1 6,172 49.9 
Vaccinated 9,789 37.1 


Controls 16,617 62.9 12,176 60.8 4 


¥YData by vaccinated and control population not yet 
available. 


With the assistance of Doctors Kumm and Boyd 
of the NFIP, additional laboratories were enlisted and 
additional funds provided, if needed, so that 28 labora- 
tories geographically distributed finally joined in the 
study. Arrangements were made with the Connaught 
Laboratories to prepare standard lots of Types I, 1, 
and III viruses individually which could be distributed 
to the laboratories for the test. Standard type specific 
monkey sera for controls would be distributed by Dr. 
Herbert Wenner. At a second meeting of the partici- 
pating investigators, the metabolic inhibition test with 
monkey kidney cells of Drs. Salk and Youngner was 
demonstrated. It was agreed that this or HeLa cell 
technic would be used and provision was made for those 
not familiar with the technics to visit the appropriate 
laboratories. A supply of cultures of HeLa cells 
which could be shipped to the requesting laboratory 
was arranged by Dr. Kumm with the Tuskegee In- 
stitute Laboratory. 


It was decided to use a series of single culture 
tubes and original serum dilutions of 1:4, 1:8, 1:16, 
1:64, 1:256, and 1:1024 with 100 tissue culture doses 
of virus for testing of the sera. Standard forms 
(FT-11) for reporting results were drawn up. Sub- 
sequently, other modifications in culture technic were 
added. It was necessary to allocate the areas to the 
respective laboratories and to establish working re- 
lations with the responsible local authorities in the 
study areas. 


Dr. Herbert Wenner joined the Evaluation 
Center staff temporarily and visited all the labora- 
tories concerned. He drew up a Manual of Labora- 
tory Procedures which was to be followed. Arrange- 
ments were made for exchange of sera between lab- 
oratories for cross reference and standardization and 
a high degree of cooperation developed. Delays in- 
evitably occurred owing to need for experience with 
technics and with equipping and staffing laboratories for 
this large scale of work. 


5. Reactions. Because of the natural concern 
with reactions which might occur with a new product 
in large scale use, the Manual of Procedures em- 
phasized the need to record any untoward reactions 
which appeared to be related or coincidental to the 
administration of vaccine. A further notice from the 
Evaluation Center asked for notification by phone of 
any circumstance of significant severity which might 
be related to the inoculations. 


During the course of the vaccination of chil- 
dren in Pittsburgh by Dr. Salk, a concurrent study 
was carried out in March and April of 1954 by the 
Evaluation Center concerning cause of absenteeism 
in vaccinated children as compared with their class- 
mates who had not received vaccine. The bulk of 
these data had been collected by Dr. Salk before the 
Center entered the study. They were analyzed and, 
in addition, a system was developed for recording 
absences from school and verifying the cause of ab- 
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senteeism through the school health service. Sig- 
nificant illnesses were investigated further through 
personal consultation with the attending physician 
and the family. Initially the experience in 20 public 
schools during each of five weeks following vaccina- 
tion was recorded for 3, 246 vaccinated children and 
1,773 non-vaccinated children. Total absences dur- 
ing this period were 2,270 for the vaccinated and 
1,611 for the non-vaccinated. When absenteeism is 
analyzed by interval after the vaccination, the only 
apparent difference between the two groups exists 

in the first week. Absenteeism is somewhat higher 
in the non-vaccinated group, 31.5 percent compared 
to 22.9 percent. It seems likely that this is due to 
the fact that children who were absent were by that 
fact alone not included in the vaccinated population 
at the time of clinic. 


Information on reason for absence was tabu- 
lated in similar fashion for each of the five weeks 
following vaccination for those receiving vaccine and 
those not receiving vaccine. Here again, according 
to the 29 itemized causes, no significant difference 
was observed between the two groups. Only one case 
of nephritis occurred and that in a non-vaccinated 
child during the first week after first clinic. 


It seemed advisable to extend these studies 
further to an additional group of schools for more 
thoroug’ ‘low-up as to extent and cause of ab- 
sence. The procedure was identical with that de- 
scribed above, although greater effort was put into 
obtaining accurate medical information on the causes 
of absenteeism. In the five schools studied, there 
were 969 vaccinated children and 486 non-vaccinated; 
of the latter, 380 had not requested vaccination and 
106 had requested but were absent on the day of the 
first clinic. Study of the total absenteeism by week 
and by days within weeks during the 3-week period 


after the clinic merely served to confirm the earlier 
observation that absenteeism was identical in the two 
groups. The only difference, again, was observed 
in the first week when absences occurred among 16.1 
percent of the vaccinated compared with 41.6 percent 
among the non-vaccinated. This was accounted for 
largely by children who had requested participation 
but were absent on the clinic day. Again, detailed 
examination of the reasons for absence failed to re- 
veal any significant differences between these two 
groups during any of the weeks of study. The one 
case of kidney disease which came to attention oc- 
curred in a non-vaccinated child. The great bulk of 
remaining causes of absence might be defined as 
respiratory in nature and did not differ in the two 
groups. The findings from these two studies were 
made available to those concerned with final decision 
as to whether the field trials were to be conducted as 
planned, and served as additional assurance at that 
time of the safety of the product. 


A further study of reactions established by mem- 
bers of the staff in conjunction with health authorities 
of Schenectady, New York, where vaccine and placebo 
were used, will be reviewed later in this report. 


Vaccinating Procedure and Assignment of Controls 


Placebo Areas: The materials to be used in 
placebo areas were supplied in boxes containing six 
vials of 10 cc content; three of them contained vac- 
cine and three contained placebo, each set of three 
labeled with a code number unique to that set. A 
vial was entered with a new, sterilized needle attached 
to a freshly sterilized 5.0 cc syringe. That volume 
of fluid was withdrawn and the needle left in place. 
Then with a new needle for each injection, 1.0 cc of 
the material was given to each of five children in the 
left triceps muscle. A new syringe was then used 


Table 1b. Distribution of Study Population by Participation Status and Vaccination Status - Observed Areas 


Study Population 


Percent of 
Total Population 


Percent of 
Second Grade 


All Grades - Total 
Requests 
Second Grade - Requests 
Complete vaccinations 
Incomplete vaccinations 
Absent or withdrew 
First and Third Grades - Requests 
All Grades - Participation not requested 
Participation not recorded 


321, 315 
332, 870 
180, 600 


100.0 
52.5 
22.8 
20.5 

0.9 
1.3 
29.7 
30.8 


16,7 


| 
1, 080, 680 
567, 210 
245, 895 69.2 
221, 998 62.4 
9, 904 2.8 
13, 993 3.9 


to remove the remaining 5.0 cc from the vial which 
was given as before to five additional children. (Ina 
few areas, separate syringes and needles were used 
for each child.) The exact code number of the material 
given was recorded. Following the same procedure, 
the next ten children received the material from a vial 
bearing the second code number, indicating that it was 
different from the first. The remaining four vials 
were then returned to storage until the next clinic when 
the same children would again receive their inocula- 
tions from the specific vials with the same code num- 
bers as before. This required careful attention to 
procedure and to identification of each child. Pro- 
vision had to be made for consultation with the Evalu- 
ation Center for replacements or additions when 
shortages developed, without revealing the code or 

the nature of materia! in question. 


The classroom groups of the first, second, and 
third grades constituted the basic clinic unit and re- 
mained so through the three inoculations. Consequently 
those receiving vaccine or the corresponding placebo 
were segments of the same group and the controls 
were clearly designated. In general, only one lot of 
vaccine or placebo was used in a placebo study area 
or in aschooi. Because of supply problems this was 
not completely uniform, and in 14 placebo areas more 
than one lot was employed. Even then, the uniformity 
in the 206 schools of those areas was maintained and 
the controls for each lot of vaccine were clearly des- 
ignated on the 22, 997 records according to correspond- 
ing codes. 


In 346 schools, with small classes, the num- 
bers were insufficient to complete the use of a 10 cc 
vial - the required procedure; thus, 1529 children 
received only placebo. This was balanced by 1761 
children in 387 other small schools who received 
only vaccine. But it is important tc emphasize that 
the equal distribution of vaccine and placebo held at 
every level. Moreover, according to our records, 
out of a total of 1, 237, 446 injections in 419, 035 
persons inoculated in placebo areas, only 748 per- 
sons received a mixed series of vaccine and placebo. 


Observed Areas: In observed study areas 
where only those second grade children whose par- 


ents requested participation were vaccinated, the 
problem of establishing the control population was 
more complex. After careful consideration of var- 
ious alternatives, it was decided that the total first 
and third grade study population compared to the 
vaccinated second grade population would be the most 
critical measure that could be applied to measure the 
efficacy of the vaccine. This was also the original 
premise on which various state health offices agreed 
to participate in the study. In observed areas there 
was a greater number of instances in which more 
than one lot of vaccine was used in an area, which 
came about partly as a supply problem and partly 
from a decision to use, for the third inoculation, lots 
which appeared upon test to be stronger antigenically 


in combination with those which appeared to be only 
moderately so. This resulted in as many as seven 
or eight different lot combinations being used in some 
areas. Naturally, it resulted in further irregular lot 
combinations being used in a single school. There 
were 268 schools out of 7925 in observed areas where 
this occurred, involving a study population of 51,157 
of whom 11,533 were vaccinated, or five percent of 
the total complete vaccinations in observed areas. 
Since it was impossible to determine the proper con- 
trols for each lot combinatiun in these schools, they 
have been given a separate designation in the report 
as "mixed lots within schools" for both the vaccinated 


and control popuiations. 


In 765 other observed area schools there were 
a few children who received a lot combination differ - 
ent from the major series used in the school. In 
these schools involving a vaccinated group of 39, 914 
children where only one, two, ur three second graders 
received a series of lots different from the rest of 
the vaccinated group, the total first and third grade 
populations were taken as the control populations for 
the major lot combinations and specific controls for 
the 1, 144 children receiving odd combinations were 
not established. 


Staff Supervision; During the vaccination period, 
April 26 to June 15, members of the Evaluation Center 
staff visited 32 of the 44 participating states to inspect 
or correct procedure and to ensure proper recording 
and understanding. It was necessary to prepare ad- 
ditional memoranda specifically restating the requisite 
information and the need for uniformity and complete- 
ness of the data to be supplied in the records. The 
problems of vaccine replacement and the completing 
of inoculations in migrant chilaren were also handled. 
In the field more than 150, 000 persons assisted in the 
total program, including clinicians, epidemiologists, 
health officers, physical therapists, public health 
nurses, virologists, school teachers and administra- 
tors, and local volunteer recorders and clerks. 


Instructions for the reporting and investigation 
of cases of poliomyelitis occurring in the study popu- 
lation were reinforced with specific memoranda and 
forms for use in this phase of the field trial were 
drawn up and distributed to the trial areas. 


Identification and Verification of Reported Cases in 
the Study Population 


The second phase of the study was that of de- 
termining the occurrence of poliomyelitis among 
members of the study population, of identifying the 
patient, and of establishing diagnosis by integration 
of clinical, epidemiologic and laboratory data which 
could contribute reliable, objective information. It 
was apparent that with the large number of different 
professional personnel involved in the widespread 
study, variability could be expected. By seeking 
uniformity of understanding and performance it was 


hoped that the variations could be reduced, and that 
211 different patterns could be avoided even though 
the Evaluation Center was completely dependent upon 
the ability, willingness, and collaboration displayed 
at the local level where the cases of poliomyelitis 
would occur. 


To reduce the need for discrimination locally, 
to encourage completeness of reporting and uniformity 
of procedure, a single plan was instituted for the in- 
vestigation of all cases in the entire study population; 
that is, cases arising in any member of the first, 
second and third grades during the spring of 1954, 
whether inoculated or not, whether participation 
had been requested or not. Every case, paralytic, 
non-paralytic, suspect or doubtful was to be reported 
to the Center and subjected to the same degree of 
study, recognizing at the same time diagnostic prob- 
lems of the early acute phase and variation in medical 
interpretation. All cases in families containing a 
member of the study population were also to be re- 
ported but subjected to limited investigation except 


as special studies. 


Reporting of Cases: Because there may rea- 
sonably be delay between the onset of a case of polio- 
myelitis and its diagnosis as poliomyelitis, it was 
urged that the local agencies try to reduce any further 
delay in reporting of a case to the health department 
or program director. 

As a means of following the occurrence of polio- 
myelitis in each of the trial areas as closely as pos- 
sible, both in the study population and in the family 
associates of study members, a weekly reporting sys- 
tem was established as of May 1, 1954, whereby all 
reported cases of poliomyelitis in each trial area were 
submitted to the Vaccine Evaluation Center weekly on 
Form VEC-11 which called for the name, age, date 
of onset as given, city of residence, grade if enrolled 
in school, and type of case. Each area was also asked 
to report all deaths from all causes in the study popu- 
lation on these weekly reports. This plan proved to 
be too slow and local health officers were subsequently 
requested to notify the Evaluation Center by collect 
telegram immediately upon notification of a case. It 
was then possible promptly to send back to the Health 
Department schedules listing the further information 
to be obtained and the date on which each item was 
due. 


In addition to this reporting system, arrange- 
ments were made with the National Foundation for 
Infantile Paralysis to obtain photostat copies of all 
NFIP medical care, hospital admission and discharge 
records for children in the age group five through 
nine in each of the trial areas. These records were 
cross-checked with the VEC-11 reports submitted by 
the local health officers as a means of spotting any 
eligible cases which had not been reported. In each 
instance, if notification to the Center of the usual re- 
portable clinical case was not forwarded by the local 
health office, correspondence was initiated by the 


Center to determine if the case was in the study 
population 


The total of cases reported from each trial 
area each week was compared with the standard re- 
ports issued by the United States Public Health Ser- 
vice as a means of determining if adequate coverage 
was being obtained from the trial areas. The need 
to find cases in study members who migrated to other 
trial areas or communities outside the trial areas was 
strongly emphasized, and many cases which would 
otherwise have been lost to the study were thus re- 
covered, 


Through these methods assurance was gained 
that the Center was informed of a high percentage of 
all cases in the study population considered to have 
poliomyelitis even though delays in notification and 
investigation inevitably occurred. Not more than a 
half dozen cases were disclosed to have escaped the 
established procedures for identification and these 
were essentially migrant children. 


Investigation of Case: Upon report of a case of 
poliomyelitis, the health department needed to arrange 
promptly for the successive steps in investigation. 
Since a high percentage of patients was admitted to 
the hospitals (88.9 percent in placebo, 85.9 percent in 
observed areas) not always in the same county, various 
means of carrying out the requirements were devised. 
The responsibility, however, remained with the local 
director of the study. In a number of instances the 
state or district authorities assumed all responsibility. 
Great assistance was provided in a number of areas by 
the Epidemiologic Intelligence officers of the USPHS 
assigned through Dr. Alexander Langmuir to state 
health departments and laboratories participating in 
the study. 


1. Clinical-Epidemiological Report. As soon 
after onset - or report - as possible, a summary of 
the clinical history and examination, including spinal 
fluid, of the case was to be made on the proper form 
(FT-6) together with the diagnosis at that time. On 
the same form the family history with respect to con- 
current illness or previous poliomyelitis was to be 
recorded. Administration of gamma globulin to family 
members was also to be recorded. This information 
constituted the first official record received at the 
Evaluation Center and contained the tentative diag- 
nosis. It provided also a basis on which to proceed 
with subsequent studies or to eliminate the patient 
from consideration if obviously his illness was due 
to another cause. Much of this was done by staff 
physicians but public health nurses also contributed 
a large part. No case was accepted as part of the 
study unless this record was received; thus, for every 
case disclosed by any means an FT-6 record was ob- 
tained. 


2. Laboratory Specimens. As early as possible 
a specimen of stool (or two) and a specimen of blood 


were to be collected from the patient and sent promptly 
to the laboratory functioning for that area. They were 
accompanied by forms (FT-9) identifying the patient 
and the dates of collection. Copies of the forms were 
to be sent to the Center - if not received, it was as- 
sumed the specimens had not been collected and the 
health officer was notified of the deficiency. 


After three to four weeks a second specimen 
of blood was to be obtained and, together with the first 
sample, antibody titrations for diagnosis of poliomye- 
litis were made. The stool was to be studied for the 
presence of poliomyelitis or other virus. In some 
areas studies of familial associates were also carried 
out by the laboratory and the local health authorities. 


The complete laboratory report was made di- 
rectly to the Center on Form FT-10, although pre- 
liminary reports were sometimes made by letter. 


At first, the same serological procedure was 
employed for the testing of sera of patients in the 
study areas as was used for study of pre- and post- 
vaccination sera. Later it was agreed that it should be 
more sensitive and titrations were made with 2-fold 
dilutions and four tubes per dilution to reach the end- 
point. In some instances this was preceded by a pre- 
liminary screening. In addition, Dr. Wenner and 
Dr. Frisch provided to all laboratories supplies of 
standard human sera with titers in the range ordinar- 
ily encountered in man. Additional spot checks for 
variability in laboratory results were made at differ- 
ent times by a single pair of sera sent to all labora- 
tories. 

Virus isolations, from stool specimens pri- 
marily, were attempted in monkey kidney cells or 
HeLa cells and generally a negative specimen was 
retested at least once. The information gradually 
accumulated to indicate that HeLa cells might be 
less sensitive and again exchange of specimens 
among a series of laboratories was made to test 
this probability - which proved to be correct. Sub- 
sequently, when HeLa cells were used, passages 
were to be made three times before considering 
the test negative. In some instances specimens 
were also tested by the inoculation of monkeys. 

In a number of instances serologic tests were car- 


In addition, the laboratories frequently played 
a large part in collection of specimens, of maintain- 
ing the attention of health and hospital personnel in the 
continued need for proper specimens and prompt de- 
livery. There is little doubt that the present exper- 
ience will have done much toward prompt laboratory 
diagnosis of poliomyelitis. 


3. Examination by Physical Therapist. On the 
recommendation of clinical consultants it was decided 
that an expert examination of the patient's muscular 
status should be made 10 to 20 days after onset of ill- 
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ness. At that time the febrile stage of the disease is 
commonly past and further progression of paralysis 
is unlikely. Furthermore, spasm and tenderness are 
generally diminished and a reasonable measure of 
disability can be obtained. Again, in an effort to gain 
uniformity, the physical therapists who agreed to 
participate had received or did receive a two weeks' 
course of orientation in an abridged system of mus - 
cle examination and in grading of muscles or muscle 
groups according to a uniform system of recording 
disability which gave a score of involvement based 
on muscle mass and severity of dysfunction. This 
system had been devised by Dr. Jessie Wright and 
the instruction was given under the supervision of 
Miss Miriam Jacobs at the D. T. Watson Home in 
Pittsburgh, Pennsylvania. It had been used by many 
of the same physical therapists in the field study of 
gamma globulin carried out by the Communicable 
Disease Center, USPHS, in 1953. The study areas 
were apportioned among 67 physical therapists by 
Miss Lucy Blair of the American Physical Therapist 
Association, who enlisted their aid. 


Accordingly, at the time the other procedures 
for study of a patient were instituted, the local health 
officer was to notify the designated therapist of the 
identity and location of the patient with a request 
that the examination be made at the proper time. The 
examiner was not informed of the patient's vaccination 
status and was to conduct the examination on all cases 
reported to be poliomyelitis whether considered to be 
paralytic or not. At that time it was requested that 
provision be made for a review and interpretation of 
the case by a physician especially skilled in the clin- 
ical aspects of poliomyelitis. This was to be recorded 
on the same form and became the established clinical 
diagnosis. Provision for securing this specialist's 
report was again left to local authorities and done 
under a variety of arrangements, often through the 
local medical society. In many of the hospitals to 
which the patients were admitted the specialist was 
readily obtained. When completed, the examination 
record (FT-7) was to be returned to the local health 
department and forwarded to the Evaluation Center. 


It was further agreed that the examination should 
be repeated 50 to 70 days after onset. By this time the 
patient may have experienced the major proportion of 
muscular recovery but, on the other hand, defects not 
clearly localized earlier may have become more ap- 
parent as activity or use of the muscles increased. 
The other interferences of the acute stage will be ab- 
sent so that residual injury can be more accurately 
measured. The specialist's interpretation of the en- 
tire character and course of the case would be ex- 
pected at this time as well. This form (FT-8) trans- 
mitted to the Center by way of the State Health Depart- 
ment, was the last of the field investigations which 
provided the basis for clinical classification of the 
patient. 


The cross-responsibilities and communication 
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ried out against mumps, choriomeningitis and en- 
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difficulties often resulted in delays in receipt of the 
reports, even when completed expeditiously by the 
physical therapist. The consultant's diagnosis and 
comments were often difficult to obtain and the re- 
cords of muscle evaluation not infrequently were 
simply not forwarded promptly. 


4. Fatal Cases. It was requested that any 
fatality in the study population be reported by tele- 
phene to the Evaluation Center and that every effort 
be made to obtain a complete autopsy, central ner- 
vous system tissue and other specimens for labora- 
tory study. Early in May, a special message was 
sent to all study areas asking that any fatal cases 
in inoculated children up to four weeks after last 
injection be given special attention, The Evaluation 
Center and the regional laboratory were to be 
notified immediately, and a complete post-mortem 
examination should be sought and made by a well 
qualified pathologist with specimens provided tv the 
laboratory. Clinical and epidemiologica! reviews were 
to be made. The Center offered to assist in obtaining 
the desired personnel if necessary and to meet ex- 
penses incurred in fulfilling the requirements. 


5. Steps to Maintain Completeness of Investiga- 
tion. The substantial amount of correspondence re- 
quired very early in the trials concerning proper field 
follow-up and collection of specimens pointed up the 
fact that clarification of the needs was necessary be- 
yond the printed instructions. Meetings were held in 
May and June in study areas with state and local health 
officials, state and local NFIP representatives, and 
interested hospital personnel in 32 of the 44 states in 
the trials. At these meetings staff members of the 
Evaluation Center reviewed the requirements for fol- 
low-up and the local plans for this phase of the opera- 
tion. 


By July the pattern of the deficiencies in case 
studies had become quite apparent, and steps were 
taken to correct them. Physician's interpretation 
and signature as required on the FT-7 and FT-8 
forms were frequently missing. Therefore, a form 
letter was developed which provided a convenient 
means for promptly requesting the missing infor- 
mation. Each participating laboratory was sent a 
list of all cases on record in their area and all re- 
ported specimen collections. Thereafter, a post- 
card reporting this information to the laboratory 
on all newly reported cases became standard oper- 
ating procedure so that the laboratories would have 
a complete record of cases from whom specimens 
should be anticipated. 


A system of logging each case by area was also 
put into effect at the Center. The log served several 
purposes. It provided a complete and compact record 
wherein receipt of the various forms required by the 
follow-up could be posted. At intervals during the 
latter part of the year a summary of the incomplete 
records in the log was mailed to each state health 


officer for any cases in his areas. 


In an effort to point up the importance of getting 
qualified review and interpretation cf reported cases 
on the FT-7 and FT-8 forms a general letter was 
mailed to all state health officers on August 27, re- 
emphasizing the need for a specialist's comments and 
interpretation on the back of the physical therapists' 
forms and asking that the professional status of the 
physician be indicated below his signature. In this 
letter the states were again reminded to furnish the 
Center the names and qualifications of the specialists 
they had selected for this purpose if they had not al- 
ready done so. 


Late in September it became evident that on 
receipt of case records attention to all phases of the 
investigation should be re-emphasized to the field and 
that the waiting period for each of the forms should be 
reduced, A form (VEC-31) was developed for this 
purpose as a Special Attention note sent on each case, 
showing the dates on which each report was due in the 
office of the Evaluation Center, The request for 
specialist's comments, signature and status was 
stressed by a quote from the VEC letter on this sub- 
ject clipped to the VEC -31 forms. 


After the middle of November lists again were 
prepared showing missing data and sent to state health 
officers requesting immediate action. Telephone calls 
were made to a number of the areas. 


As of December 31, a tally of the incomp!ete 
study cases showed that there were approximately 
290 incomplete study cases out of a total of 1103 re- 
ported. An intensive follow-up by telegram, tele- 
phone, letter, and field visit was made during January, 
and the open cases were reduced to 78 as of January 31. 
The last of the delinquent reports was not received 
until March 9, 1955. 


Formulation of Criteria for Diagnostic Interpretation 


It became apparent early in the examination 
of case records that a substantial body of data would 
need to be reviewed before generalizations and limits 
of variation could be established. Moreover, this 
must be done by repeated examination of the accumu- 
lating data without respect to the vaccination status of 
the patient. The policy was adopted that effort should 
be made to establish criteria on the basis of objective 
analysis, to formulate them clearly, and to apply them 
to each case before any attempt was made to divide 
cases into vaccinated or control groups. Consequently, 
attention and effort was concentrated on obtaining com- 
plete and reliable data. The data from each report 
were reduced to punched cards from which in turn mass 
listings and tabulations could be made for study. Since 
there was a minimal interval of three months between 
the onset of a case and receipt of the final report, the 
complete data accumulated slowly. Nevertheless, as 
significant amounts became available the compiled data 


were subjected to careful study. Once again, it is im- trocnemius, anterior tibialis. They would 
portant to emphasize that this was not an evaluation of comprise Grade I of paralytic (spinal) with- 
data from a single investigative unit, but from many out score. 

sources; and while the procedures employed were 

basically standardized, qualitative and quantitative A grade of fair of a single muscle or single 
variation was quite evident. Interpretation must, of muscle group. It would receive the appro- 
necessity, accept that fact. priate score. 


Definition of Paralytic Status and Severity: The Definite indication of facial, laryngeal, 
physical therapist's examination was recurded on two pharyngeal involvement alone, or of palate 
forms (FT-7 and FT-8) which listed muscles or muscle with supporting evidence. It was decided 
groups on the basis of their anatomical mass, rather to consider bulbar involvement independent 
than by functional importance. The examiner was to of score. 
enter a standardized estimate of the degree of impair- 
ment for each unit, grading from normal through five Any of these involvements may have com- 
increasing degrees of severity: good, fair, poor, trace, pletely disappeared by time of the second exami- 
or no power. Involvement of muscles supplied by nation or may be first recognized at time of the 
cranial nerves and of the muscles of respiration was second examination. The physician's diagnosis 
recorded with limited score without grade of severity. and comments were of major value in these re- 
It became evident that special problems existed: the views. 
neck and abdominal muscles are obviously affected by 
muscular spasm and pain; asthenia of illness made The elimination of all good muscles from 
the significance of minor muscular weakness difficult scoring, as well as muscles innervated by cranial 
to determine, It was necessary, then, to adopt cri- nerves, and respiratory muscles would provide 
teria uninfluenced by other data, defining what extent for a maximal score of 440. However, all tabula- 
of involvement would be required in order to consider tions have been arranged so that any scoring 
a patient to be "paralytic" and, conversely, what would system can be employed for further analysis. 
categorize the patient as "not paralytic". In reaching 
the conclusions, Doctors Bennett, Green, Hodes, Top 
and Wright gave continuously of their time and expert B. Further examination of the data resulted in the 
judgment. They intensively reviewed tabulated data following classification of spinal paralytic in- 
of muscle examinations, both early and late, unexposed volvement on what appeared to be group charac- 
and hence uninfluenced by other clinical details, the teristics. Grade I might be terned "minimal 


laboratory findings or the vaccination status of the paralytic without a score", and frequently such 
cases. cases were questionable clinically. Grade Il 


might be termed "minimal with a score". 
A. Minimal criteria for classification of a reported Grade Score 


case as paralytic were then adopted. 
1) The following would be excluded: 


I 0 

1-19 
20-89 

a) Abdominal and neck muscles graded, bi- IV 90-199 

laterally, good or fair. v 200+ 


b) Other muscles graded bilaterally good. . Aneffort was also made to assign grades of 
severity to bulbar involvement apart from those 
c) Record of hoarse voice without supporting specifically excluded. 
evidence or comment. A check mark in- 
dicating deviation of the palate without Grade 1 - listing of involvement by physical 
supporting evidence or comment. therapist without comment, mini- 
mal or doubtful. 
da) All ratings of good would be eliminated 
from scoring. one area of involvement with 
supporting comment or two areas 


2) The following would be accepted as significant: commonly related - definite. 


a) Spotty asymmetrical involvement with a distinct difficulty swallowing in- 
grading of good recorded on either first cluding previous grades in combin- 
or second muscle examination, in muscles ation. Other moderate involvement. 
characteristically affected by poliomyelitis: 
deltoid, triceps, finger extensors, opponens required tracheotomy in addition - 
pollicis, gluteus medius, quadriceps, gas- or at times respirator. 


Involvement of. diaphragm and intercostals with 
or without use of respirator was considered in- 
dependently. 


Cases with spinal and bulbar involvement could 
be classified into grades of spinal involvement 
with the accompanying bulbar severity designated. 


This, then, was adopted as the basis of clas- 
sification according to paralytic status with which the 
data from other clinical reports and laboratory data 
would be integrated to furnish a final diagnosis. In 
37 instances (9 percent) in the placebo areas the 10 to 
20 day examination of the musculature was not done, 
and in 11 (3 percent) the second was not obtained; in 
the observed areas 81 (14 percent) first examinations 
and 19 (3 percent) of the second were not done. 


Interpretation of Laboratory Investigations 


Since the laboratories engaged in the diagnostic 
studies were also busily engaged in the testing of pre- 
and post-vaccination sera, and since a number of them 
had to develop facilities for the work, certain delays in 
obtaining the results of their studies were anticipated. 
By the end of October a limited number of complete 
reports had been received. The examination of stool 
specimens for virus had proceeded ahead of the ser- 
ologic studies which of necessity awaited the receipt 
of a sample of convalescent blood. At the time the 
books had finally to be closed to new entries, the num- 
ber of reports had mounted progressively so that the 
following record existed for cases occurring after 
mid-June 1954. 


Status of Laboratory Data on All Cases 
in Study Population 


Stool-not Serology-not 
done or not done or not 
Cases collected collected 


No lab 
reports 


No. % 


Areas 


No. No. 


Placebo 428 56 13.1 80 18.7 14 (3.3 


Observed 585 101 92 15.7 44 7.5 

It must be recognized that omissions represent 
specimens which were unsatisfactory, others not re- 
ceived, as well as those which were not collected so 
that the uncompleted laboratory examinations repre- 
sented a small number. 


The results of tests for virus isolaticas were 
classified as positive, negative, no speci:ren or un- 
satisfaciory, virus other than poliomyelitis, polio- 
myelitis virus of type unidentified, or test not done. 
From 72 patients viruses were recovered which have 
not been identified as poliomyelitis. Whether they are 
primary or coincidental infections is not completely 
determinable at this time. 


Interpretation of serological studies was more 
complex. The reported results of neutralization tests 
done in tissue culture were subjected to analysis. 

The levels of titers obtained varied moderately among 
the laboratories. 


From 426 patients, a typed virus 
was recovered and in 376 of the instances serological 
tests were also done. 


Total Virus Type 


Reported I u 


Isolations m 


No. % No. % No. & No. % 


No. with virus 
recovered 426 100.0 238 55.9 53 12.4 135 31.7 


No. with ser- 
ologic test 


299 tests (79.5%) with paired sera - first obtained 
14 days or less after onset. 


67 tests (17.8%) with single or paired sera - first 
obtained 15 days or later after onset. 


10 tests (2.7%) with single serum - obtained 
14 days or less after onset. 


Of the 299 tests in which the first serum was 
collected less than 15 days after onset, only 44 per- 
cent revealed a 4-fold or greater rise in antibody to 
the homologous virus, but in 67 percent of these tests 
antibody to only the homologous virus was present in 
the patient's serum. In the other 67 tests the first 
serum or the only serum was obtained 15 days or 
more after the onset; they are considered to repre- 
sent only the convalescent phase serologically. But 
when they were added to the previous group the per- 
centage of total with antibody to only specific type 
of virus isolated from the patient was still 67 per- 
cent. It is reasonable to conclude that the solitary 
antibody had resulted from the current virus infec- 
tion, particularly since it specifically agreed with 
the type of virus recovered, It indicates, further- 
more, prior to this illness those persons had no 
antibody to any of the three types of poliomyelitis 
virus. On the basis of these observations, while a 
rise in titer was considered a definite positive, a 
substantial level of antibody to the homologous virus 
only in first and second specimens, or in a late serum 
alone, without rise in titer was considered probably 
positive. 


It is of interest, moreover, that in these 
data there is no indication that infection with one 
type of virus induces antibody to heterologous types 
in persons without previous experience, at least 
under the conditions of measurement employed. 
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Table A. Serologic Rises in Cases with Virus Isolation* 


4x rise to 
more than 
one type 


irregular 


Total 
356 
76 


147 


*Includes only cases with 2 specimens of serum 


When the first serum was obtained before the 
tenth day, a 4-fold or greater rise was demonstrated 
in 47 percent of the second sera; thereafter, the fre- 
quency diminished progressively. 


It is also clear that if the initial titer were 32 
or less, in 78 percent of the second sera a 4-fold or 
greater increase was noted while in only one-third of 
those with initial titers of 128 or more was this rise 
observed. Hence, the presence of titer of 32 or more 


to the homologous, even with low titers to other types, 
was considered suggestive. In the absence of virus 
isolation the probable and suggestive interpretation 
may be less secure because an illness resembling 
poliomyelitis might occur in a patient who had earlier 
acquired antibody against a single type of virus, but it 
can be accepted that if the acute illness now observed 
was poliomyelitis the type of virus is, by these cri- 
teria, serologically indicated. 


Table B. Serologic Rises in Cases with Virus Isolation According 
to Level of First Serum Specimen* 


Total 


4x rise - homol- 
ogous type only 


46 
80 
108 
150 


40 
62 
79 
51 


*Exciudes 18 cases with unsatisfactory serological tests, 6 cases with no antibody in acute 
or convalescent serum, 20 cases with 4-fold rise to more than one type and 54 cases with 


first blood collected after 14 days. 


ll 
Collection of first homologous a homologous 
blood - days after onset type only changes type only 
Total 145 191 20 40.7 
0-4 33 38 5 43.4 
5-9 65 48.3 
10-14 76 28 45 3 36.8 . 
15-29 44 ll 33 0 25.0 
30 or more 13 2 10 1 15.4 
16 or less 6 87.0 
32 or less 18 > 77.6 
64 or less 29 73.1 
128 or more 99 34.0 
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The following criteria for interpretation of 
serologic results were drawn up: 


A. With Poliomyelitis Virus Isolated: 


1) Positive - 4-fold or greater rise to homologous 
type only. 

2) Probably positive - antibody present at level of 
16 or more in first and second sera to homolo- 
gous type only without rise; in convalescent 
serum 15 days or later when earlier specimen 
was not obtained. 


3) Suggestive: 


a) Level of 32 or more to homologous type; 
present at low levels to heterologous type. 


b) 2-fold rise to homologous type only. 
4) Indeterminate: 


a) only acute stage serum available - less than 
10 days. 


b) multiple antibodies - no distinctive change, 
or irregular changes up or down. 


c) 4-fold rise to more than one type. 
5) Negative: 


a) no antibody to any type in first and second 
sera or in second serum alone. 


b) low levels, 4 to 8, to one or more types - 
no rise 


6) Inconsistent - did not agree with type of virus 
reported. 


7) Reports of serologic evidence of othe. etiology. 


B. No Isolation of Poliomyelitis Virus or No Test for 
Virus: 


1) Positive - 4-fold or greater rise to one type of 
virus only. 


2) Possibly positive or suggestive - the criteria 
called probably positive under A above, when 
limited to one type only with or without 2-fold 
rise. Also - high level to one type only with 
or without 2-fold rise and low levels to other 


types. 
3-7) As above 


C. When other virus alone is reported, criteria B 
were followed. It is not certain at present to 
what extent those reports represent other viruses 
alone, or mixtures. The latter have been demon- 
strated in some instances. In addition, typings 
have sometimes been obtained only after monkey 
passage. 


D. In some laboratories studies of the family assoc - 
iates have been conducted. When virus was isolated 
from the family and not from the patient, criteria A 
were employed. 


Integration of Data for Final Diagnosis: Although the 
frequency with which virus was isolated tended to in- 
crease with increasing clinical severity of illness, 
the failure to recover virus from a significant num- 
ber of characteristic paralytic cases indicates that 
iack of virus isolation is not sufficient at this time 
to eliminate the patient from classification as polio- 
myelitis. Consequently, a combination of clinical 
findings, muscle evaluation, and laboratory data 
have been utilized in arriving at the final classifica- 
tion - but it should be re-emphasized that this was 
done without information of the vaccination status of 
the patient. The criteria for classifying illness other 
than paralytic polio (see page 9) were then formulated. 


A. Not Poliomyelitis: Those cases where 
the clinical record and comments or 
later communication indicated other 
disease. 


Cases with lack of common symptoms 
or signs of poliomyelitis and examina- 
tion of spinal fluid negative or not done. 


Cases in which orphan viruses, or 
Coxsackie virus cnly were isolated, 
or serological evidence of active in- 
fection with mumps virus. 


Cases with no antibody to poliomyelitis 
virus detected. 


B. Non-paralytic Poliomyelitis: It is rec- 
ognized that this is a difficult group to 
define, shading gradually into cases in 
the minimal paralytic class. They were 
cases called poliomyelitis by the physi- 
cian, exhibiting characteristic clinical 
features, with positive spinal fluid, with 
or without virus isolation or positive 
serology but without presenting signifi- 
cant evidence of muscular impairment. 


C. Doubtful Poliomyelitis: There remains a 
group which on careful review of all data 
leaves a decision in doubt as to whether 


they are poliomyelitis. 


D. Fatal Cases: In these instances great 
effort was made to obtain an adequate 
record of the patient's history and 
course, to urge post-mortem examin- 
ation and to obtain a complete report. 
When possible histological sections 
were obtained for review by consult- 
ants. In some instances the examin- 
ation was conducted after embalming 
and specimens for laboratory study 
were only then obtained. In others, 
the post-mortem was done without ob- 
taining laboratory specimens; in others, 
no autopsy was done. 


Diagnosis of poliomyelitis was based 
upon history of characteristic severe 
disease, histologic evidence described 
by a well qualified pathologist, with or 
without isolation of virus. 


Cases were considered not to be polio- 
myelitis on the basis of history indicat- 
ing specifically other disease; major 
pathologic evidence at post-mortem of 
other disease, and lack of characteristic 
changes in the bulb or spinal cord. No 
poliomyelitis virus was recovered from 
these cases. 


Controls in Observed Control Areas: The data 
from many investigations have indicated that infection 
with poliomyelitis virus occurs at an earlier age in 
lower socio-economic groups than in the higher. Cer- 
tain factors related to these characteristics might be 
involved in the decision as to whether parents reques- 
ted participation of their children in the vaccination 
program and thus affect the composition of the groups. 


Therefore, differences in susceptibility related to these 


variations among the participants and non-participants 
might be encountered in the study population. 
Accordingly, at the request of the Evaluation Center, 
the Survey Research Center, University of Michigan, 
in December 1954, conducted a survey of the educa- 
tional level, health consciousness, living conditions 


and community activities of a portion of the study popu- 


lation in 10 of the 11 placebo control states. A sam- 
ple of 1300 families of study members was carefully 
se_ected so as truly to represent the total study 
population of these areas. Eleven hundred two fam- 
ilies were interviewed; 665 being participants, 56 
who requested participation initially but failed to 
attend clinic, and 381 who did not request participa- 
tion. 


Interviews were conducted by trained inter- 
viewers who had no specific knowledge as to the 
underlying purpose of the study and hence were not 
biased in their questioning, nor were the respondents 
aware that the questioning was related to poliomye- 
litis or the field trial in any way. 


Among other things the schedule of questions 
dealt with the following items of information: size 
of family, frequency of illness, use of medical ser- 
vices, parental appraisal of child's health, attitude 
toward prophylactic inoculations and extent of their 
use in the study child, knowledge about poliomyelitis, 
physical facilities of the home, parents’ extra-house- 
hold or community activities, parental occupation 
and educational level, age of mother, annual income, 
and an assessment of living conditions and of the type 
of neighborhood. There is much of interest in the 
details of this survey report; however, for the pur- 
pose here, it is sufficient to summarize by itemiz- 
ing those factors which seemed to be positively 
correlated with participation in the field trial. The 
following differences in the participating groups com- 
pared with non-participants were significant at the 
99 percent level of confidence. 


1. The frequency of vaccination against 
smallpox, diphtheria and whooping cough strongly 
correlated with participation. 


2. Participants more frequently stated that 
“shots always work" than non-participants. 


3. Mothers of participants were more likely 
to spend two or more evenings a week in outside ac- 
tivities than were mothers of non-participants. 


4. Mothers of participants were more likely 
to have completed high school than mothers of non- 


participants. 


5. A much smaller percentage of participants 
had family incomes under $4500. Participation rate 
increased steadily with increasing income. 


6. Finally, the interviewer's rating of the 
quality of the respondent's neighborhood and con- 
dition of his house was highly correlated with partici- 
pation status. Participants lived in better neighbor- 
hoods, and their homes were better kept. 

Another refinement in the analysis dealt with 
the extent of participation according to the same 
characteristics but subclassified as to whether the 
child was a member of a high, medium or low par- 
ticipation school. These findings have interest in 
connection with the question of motivation but add 
little clarification of the basic question. The re- 
sults together with an appreciation of the possible 
existence of other unknown factors bearing on polio- 
myelitis incidence, which might influence to a differ- 
ent extent the participants and non-participants, led 
certain consultants of the Evaluation Center to sug- 
gest that in observed control areas the unvaccinated 
members of the second grade be combined with the 
vaccinated population to form the test group for com- 
parison with the combined first and third grade popu- 
lations as controls. In the tabulations, to follow, 
this type of comparison is included; however, it was 
deemed preferable by the staff of the Evaluation Cen- 
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ter, before analyses were begun, to employ as the 
control population in observed areas that which was 
originally announced to the states at the time they 
enrolled in the study, namely, a comparison of the 
poliomyelitis experience in vaccinated second grade 
children with the combined experience in the total 
first and third grades. It is difficult to combine in- 


cidence in vaccinated and unvaccinated populations 
and have a clear view of the effect in the vaccinated 
alone. 


Other alternative procedures were considered 
and discarded, such as the use as control that por- 
tion of the first and third grades which signified 
willingness to participate, through submission of a 
parental consent form. This would seem to be the 
ideal group for comparison with the vaccinates. 
Unfortunately, the accuracy of data on participation 
status of first and third grade children varied greatly 
from area to area, 


Incidence of Poliomyelitis in 1954 Study Areas 
Total Incidence - All Ages. The number of 


cases of poliomyelitis reported in the United States 
during 1954 was about the same as the average of 
the previous five years. Since the trial areas were 
selected largely on the basis of consistently higher 
case rates during the five year period 1949-53, it 

is interesting to compare the total reported incidence 
at all ages in the study areas during 1954 with the 
previous five year average. 


The number of cases reported in 1954 in the 
study areas was 18 percent below the previous five 
year average. This reduction was especially marked 
in placebo control areas where new cases were 27 per- 
cent under the 1949-53 average. The decrease in ob- 
served control areas was only 12 percent. On the 
other hand, in non-study areas there was an increase 
of 4 percent over the five year average. In 1954 about 
22 percent of the national case load was reported from 
field trial areas, the average proportion for 1949-53 
was 26 percent. 


The incidence of poliomyelitis per 100, 000 
population was, however, 26 percent higher in all 
trial areas than in non-trial areas. Attack rates in 
placebo control areas and in the observed control 
areas, respectively, exceeded the rate for the rest 
of the country by 11 percent and 36 percent. 


Thus, although the yield of cases in the study 
areas was not as great as anticipated, it appears that 


the method of selecting these areas did serve to iden- 
tify populations with higher poliomyelitis attack rates. 
It is possible that the adequacy of case reporting in 
the field trial areas might be greater than in others 
and there may be additional factors such as variation 
in diagnostic standards influencing the apparent dif - 
ferences in reported incidence. 


The chart on the following page presents the 
number of cases of poliomyelitis reported by 
month of onset and age group in the vaccine trial 
areas for each year, 1952, 1953 and 1954. It illus- 
trates the tremendous variation in incidence from 
year to year, 1952 being the largest poliomyelitis 
year on record. But there is no evidence, from 
inspection, of any marked shift in the age distri- 
bution of reported cases. 


The percentage distribution of cases in age 
groups included in the study population is presented 
later , first forthe placebo control areas where 
attention should be focused on the distribution in 
the age span six through nine years, and in the ob- 
served control areas where the 7-year old children 
represent most closely the second grade population 
in which vaccine was utilized. It is evident that in 
1954, following the introduction of the vaccination 
program, there was no observable drop in the per- 
cent of total cases included in these age groups. 
Actually, in observed control areas there was a 
relative increase in the proportion of 7-year old 
cases. 


Comparative Incidence of Poliomyelitis in Field Trial and Non-Trial Areas, 1954 


Reported Cases - All Ages 


Case Rate Per 
100, 000 Population 


Average 
1949-1953 


1954 


Average 


% Change 


39, 468 
10, 199 
4, 293 
5, 906 
29, 269 


- 1.8 25.7 


-18,2 33.2 
-27.0 28.9 
-11.8 37.3 


+ 4.0 23.9 
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Chapter II 
RESULTS 
U.S. Total | 38, 768 24.1 
- All Study Areas 8, 341 28.9 
Placebo Control 3, 133 a 25.6 
q Observed Control 5, 208 31.3 ; 
Non-Study Areas 30, 427 23.0 
{ 
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Percentage Distribution of Reported Cases 
of Poliomyelitis in Study Areas by Ages 
Six Through Nine Years 
June 15 - December 31, 1952, 1953 and 1954 


Percent of Total 


Total number cases - 
all ages 


There are, of course, marked limitations to 
the use of these data in an effort to measure the 
effect of the vaccine. 


1. They include all cases in the age group 
six to nine years, which is not synonymous with the 
study population, since included are children in non- 
participating schools, children age six who are in 
kindergarten and age nine who are in the fourth 
grade. Furthermore, detailed investigation of each 
study case often led to modification of the diagnosis 
so that the final study case population more truly 
represented poliomyelitis than the group of reported 
cases. Actually, there were 1656 cases of polio- 
myelitis reported from the study areas in the six 
to nine year age group as compared with 1103 re- 
ported cases which were finally determined to have 
occurred in study children. The case rates by age 
in the study population are presented to allow com- 
parison. 


2. Case reporting practices might have dif- 
fered considerably in 1954 from those in 1952 or 
1953, since the existence of the study may have in- 
fluenced the extent to which poliomyelitis was recog- 
nized and later reported through official channels. 
Furthermore, in the areas where the control popu- 
lation did not receive placebo, bias may have been 
introduced in reporting cases in either the vaccinated 


or non-vaccinated study children. 


3. There has been a considerable age shift in 
the population during the period 1952 to 1954 because 
of the high birth rates during the post-World War II 
period. This would tend to lead to an increase in the 
study population. The extent of this trend cannot be 
accurately estimated, so that comparisons of age 
specific rates between years may be inerror. The 
only solid denominator available is the list of child- 
ren appearing on the Registration Schedules which 
serves as a basis for determining attack rates in 
the various components of the study population. 

4. The age groups discussed do not fit exactly 
the grade status of children, Thus, in areas with ob- 
served control, the second grade, where all the vac- 
cine was given, is made up roughly, as of clinic time, 
of 57 percent 7-year olds and 35 percent 8-year olds. 
The first grade consists of 51 percent 6-year old 
children and 40 percent 7-year olds. Unfortunately, - 


Poliomyelitis Morbidity Rates by 
Specific Years of Age and by Cohort Ages 
Vaccine Field Trial Areas 
1952, 1953, 1954 

Placebo Control Areas 

Rate per 100, 000 for ages shown 
Year 4 5 6 7 8 
1952 98.9 125.3 148.7 103.6 120.2 


1953 112.0 92.0 101.9 76.0 


1954 Age Group 


6 - 9 Years 76.3 74.0 80.7 


Study Population 
1, 2, 3Grades 74.5 65.8 52.7 


Observed Control Areas 
Rate per 100, 000 for ages shown 
Year 4 5 6 7 > 
139.6 
63.3 


1952 153.3 175.0 176.0 156.1 


1953 84.4 88.5 78.3 


1954 Age Group 


6 - 9 Years 89.5 92.0 64.5 


52.7 


Study Population 
1, 2,3 Grades 87.5 65.8 
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Age 
in Years 1952 1953 1954 
Placebo Control Areas 
6 6.5 7.3 6.5 
7 4.3 6.2 6.3 
8 5.2 4.5 5.3 
4.0 4.3 3.3 
6-9 20.0 22.3 21.4 
Total number cases - 
all ages 4192 3006 2788 
Observed Control Areas 
6 6.0 7.6 6.5 
| 7 5.1 5.1 6.8 
8 4.5 4.4 3.6 
4 4.1 4.4 3.3 
| 
85.7 
::. 
.9 
124.0 
64.5 
| 
| 
| 
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poliomyelitis attack rates by grade status are not 
available except in the study areas in 1954. 


5. The 1952 epidemic was the largest on record 
and may very well have behaved differently from the 
other two years under consideration. 


6. In placebo control areas only 56 percent of 
the study population was inoculated and only half of 
these received vaccine. In the observed control areas 
only 65 percent of the second grade children received 
vaccine. 


Information of the actual attack rate based on 
the age specific population in each of these years is 
presented on page 17, using as a base population, 
first the children who were aged six to nine in 1954; 
these same children would have been five to eight 
years of age in 1953 and four to seven in 1952. 


The second approach uses the base population 
of six to nine years in each of the years in question. 
Examination of this material fails to show that the 
year 1954, when vaccine was utilized, exhibits attack 
rates in these individual years of age that are different 
relatively from those in the preceding two years. Ob- 
viously, 1952 is a year of high incidence, but a com- 
parison of the years 1953 and 1954 shows the experi- 
ence of these to be fairly comparable. 


Incidence in Study Population, From the total 
population of 1, 829,916, a total of 1103 cases con- 


sidered to be poliomyelitis was reported to the Vac- 
cine Evaluation Center from May 1 to December 31, 
1954. The study period had been defined, however, 
to start two weeks after the third injections were 
completed in a given area, corresponding to the time 
when specimens of serum were obtained for measure- 
ment of antibody response. Ninety of the cases, how- 
ever, occurred during the vaccination period between 
May 1 and two weeks after the third injections. 


They were, therefore, eliminated from con- 
sideration in evaluating the effect of the vaccine. Of 
the remaining 1013 cases, 428 developed among the 
749, 236 children in placebo control areas; 585 arose 
in the 1, 080, 680 children of observed control areas; 
the corresponding rates are 57 and 54 per 100,000 
study population. They constitute the material for 
analysis. 


The curves of incidence and cumulative totals 
are presented in the appendix. 


Study of Possible Reactions to Vaccination 


A number of different approaches were made 
to assess the possible occurrence of reactions follow- 
ing vaccination. These are reviewed here briefly. 


1. The study of absenteeism in Pittsburgh 
schools has already been discussed in a previous 
section of this summary. 


2. Absenteeism in Schenectady, New York. 
At the suggestion of the Evaluation Center, the New 
York State Health Department undertook a study of 
the cause of absences from school among inoculated 
children during the period of regular field trial clinics 
in Schenectady, New York. The situation was better 
suited to study than that in Pittsburgh since placebo 
was administered to half the children and a properly 
controlled comparison could be made without know- 
ledge of the inoculum received, The administrative 
organization for follow-up of the children was some- 
what similar to that utilized at Pittsburgh with super- 
vision by physicians in the New York State Health 
Department. The study was carried out in 24 schools 
including a total study population of 4, 207 children, 
1,318 receiving vaccine, 1,304 placebo and 1, 587 
non-vaccinated. 


The extent of absenteeism for each of six 
weeks after the date of inoculation was identical in 
vaccinated and placebo populations. Absenteeism 
in the non-inoculated population did not differ sig- 
nificantly. The listing of 34 causes of absenteeism 
in the groups as presented in Table XVII (appendix) 
gives further impressive evidence of the comparability 
of the populations given vaccine or placebo. The per- 
cent of total days of absence attributed to each cause 
listed does not differ significantly in them. During 
the 6-week period, there was only one instance of so- 
called kidney disease, in a child receiving vaccine, 
that giving rise to a 5-day absence and two leading 
to a day of absence each in children receiving placebo. 
Detailed investigation of these illnesses failed to con- 
firm the existence of renal disease in one child and 
suggested pyelitis in the other two. 


Illness labeled "Allergy" caused a total of 
66 days of absence, 15 in the vaccinated and 51 in 
those receiving placebo. In terms of individuals who 
were ill rather than days of absence the numbers 
arrange themselves as follows: 


Poison Asthma 
Total Rash Ivy Hay Fever 


Vaccinated 17 8 
Placebo 27 10 


Total 44 20 


It was not firmly established that any of these 
allergic conditions were related to the inoculation 
since both vaccine and placebo contained small quan- 
tities of penicillin and the essential difference be- 
tween the products was the absence of poliomyelitis 
virus and kidney protein in the placebo. Some of the 
skin conditions were defined as urticaria but did not 
reappear in those given subsequent inocuiations with 
the same material. It will be seen that the children 
who did not receive inoculations demonstrated nearly 
twice as many absences, proportionately, due to 


allergic conditions as did those receiving vaccine. 
The data again indicated a lack of significant un- 
toward reaction to the poliomyelitis vaccine used. 


3. Investigation in Nassau County and New 
York City. A somewhat similar but less compre- 
hensive study was carried out in Nassau County, New 
York on a small scale with essentially similar find- 
ings. Follow-up of possible reactions to inoculation 
was conducted also by the New York City Health De- 
partment. It consisted of investigation of all com- 
plaints of reaction that came to the attention of that 
department during the period after clinics were held 
and takes the form of merely classifying the causes 
of complaint following each of the three clinic ses- 
sions. The data served merely to illustrate that the 
number of such complaints was small and that the pub- 
lic was less apprehensive after the second and third 
clinics than after the first. The illnesses giving rise 
to these complaints were not remarkable when re- 
viewed as to diagnosis. 


4. “Reactions” as Recorded on the Vaccination 
Clinic Record. During the course of the administra- 
tion of vaccine and placebo in the various field trial 
areas information on illness occurring during the 
course of the 5-week clinic period was to be recorded 
on the vaccination record filled out for each child at 
the time. Any serious reaction was to be reported by 
letter or telephone to the Evaluation Center. There 
are limitations as to the completeness and accuracy 
with which these records were prepared. It is as- 
sumed, however, that any significant illness would 
have come to the attention of the clinic physician or 
those preparing the records. The fact of absence 
from the clinic was recorded and an entry made as 
to the reason for absence. These data have been sum- 
marized in the following table. 


.A comparison of the experience in placebo con- 
trol areas between those receiving vaccine and those 
receiving placebo is the most informative. Obviously 
it is difficult or impossible to say with certainty that 
a given illness is or is not related to vaccination. 
From a statistical point of view, however, there is 
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Some validity in concluding that so-called minor re- 
actions which include fainting, nausea, dizziness, 
slight rash and cold, occurred with equal frequency 

in both groups. Common childhood illnesses, mumps, 
measles, whooping cough, etc. recorded on these 
records were not tabulated. 


The term "major reactions" is inaccurate. 
It represents major illnesses which might be con- 
sidered in any way associated with vaccine although 
usually considered not to be. They were reported 
on the clinic record because of the urgent request 
from the Vaccine Evaluation Center that this be done 
and they include illnesses characterized by the fol- 
lowing signs and symptoms; severe rashes, high 
fevers, severe pains in arms and legs, or any 
paralysis, major diseases of the nervous system 
such as encephalitis, meningitis and poliomyelitis, 
and any diseases of the kidneys. The specific infor- 
mation for each of these cases is presented in the 
appendix. It is interesting that five of the nine ill- 
nesses in the vaccinated group of piacebo areas were 
called kidney disease. This compares with five of 
the thirteen illnesses in those receiving placebo. 


5. In addition to the above specific projects 
directed towards studying the occurrence of possible 
reactions in inoculated children a major effort was 
directed towards uncovering illness in study children 
during the course of the clinic period and the month 
following last inoculation through requests for such 
information addressed to each study area. Local 
health authorities were urged to telephone the Evalua- 
tion Center of the occurrence of untoward reactions 
in the inoculated group. 


A total of 29 reports was received under this 
system. The cases are roughly categorized as fol- 
lows: seven reports indicating some form of nephritis 
or kidney infection, three reported high fevers or en- 
cephalitis, fifteen paralysis or muscular weakness, 
three urticaria, and four some form of anaphylactic 
shock. The reports indicate no special selectivity in 
regard to the vaccine, being divided fairly equally be- 
tween children receiving vaccine and those receiving 


Possible Reactions Recorded on Vaccination Record of Inoculated Children 


Population 
Receiving One 
or More Injections 


Placebo 
Control Areas 


209, 211 
209, 806 


Vaccinated 
Placebo Control 


Observed 
Control Areas 


Vaccinated 


_ Reactions Reactions Minor Major 
939 13 0.4 0. 006 
Fe 231, 902 1, 694 7 0.7 0.003 


placebo. Those identified as poliomyelitis are dis- 
cussed in a separate section of the report dealing with 
the early cases of this disease in the study experience. 
Those non-poliomyelitis illnesses which were fatal are 
also discussed later. 


Concern with the possibility of transmitting 
infectious or serum hepatitis when a single syringe 
was used for the inoculation of five children led sev- 
eral areas to organize their clinics using individual 
syringes for each child. In order to gain some in- 
sight into whether hepatitis was transmitted in this 
fashion, the New York State Health Department re- 
viewed the reported cases of hepatitis in study child- 
ren of that state, from areas where the multiple 
inoculation technic was used. The experience in- 
cluded a total of 36 cases among 71, 162 inoculated 
children and 31 among 49, 906 non-inoculated child- 
ren with rates per 100, 000 of 51 and 62 respectively. 
Study of experience by county and by classroom 
groupings as well as by time interval after inocula- 
tion failed to indicate any significant difference in 
the hepatitis experience of inoculated and non- 
inoculated children. 


In view of the fact that the vaccine contains 
minute quantities of kidney protein, concern over 
safety was expressed by some clinicians before the 
field trial was initiated. It should be recalled that 
the minimal! requirements for vaccine production de- 
vised by Dr. Salk specified that batches of filtered 
tissue culture fluid with infectious titers of 10-5 or 
greater would be considered suitable for further 


processing only if they contained less than 0.35 mgm/ 
ml. of total nitrogen, 0.20 mgm/ml. of amino nitro- 
gen and 0.02 mgm/ml. of protein nitrogen. Actually, 
the nutrient fluid mixture (199) itself (without kidney 
cells or virus) contains approximately 0.25 mgm/ml. 
of total nitrogen and 0.12 mgm/ml. of araino nitrogen. 


The review above of data collected during the 
trial bearing on possible reactions in vaccinated 
children fails to indicate any apparent relationship 
to kidney disease. There are a few additional data 
derived from studies of other groups which tend to 
confirm the lack of any suchassociation. Neva has 
studied exhaustively the kidney function of 15 vac- 
cinated subjects plus a group of control individuals 
using daily Addis counts and other test procedures. 
He failed to find any evidence of kidney damage. 
Mayer searched for the development of complement 
fixing antibodies against monkey kidney in a series 
of paired sera collected pre- and post-vaccination 
from 100 individuals who had been given multiple 
doses of vaccine. In only one of these individuals 
was there any suggestion that such antibodies de- 
veloped, and this was of doubtful significance. This 
child had been given vaccine containing adjuvant. 


Questions have been raised as to the hazard 
of inoculating material containing minute quantities 
of monkey kidney into Rh negative individuals, Dr. 


Albert Milzer reports that "We were unable to detect 
Rh and Hr antibodies or sensitization in 32 Rh nega- 
tive children in our series of immunized children." 
Dr. A. W. Frisch reports that he was unable to dem- 
onstrate Rh antibodies by absorption tests in a group 
of laboratory workers, inoculated with one of the lots 
of vaccine used in the field trial. Two of these indiv- 
iduals were Rh negative, but their serums did not 
show saline, albumin or Coombs antibodies. 


Thus, although the data are meager, there is 
no evidence to date of either kidney damage or Rh 
sensitization produced by the vaccine. 


The Occurrence and Location of Paralysis in Study 
Population During Vaccination Period and the Sub- 
sequent Four Weeks 


The preceding discussion emphasized the exact- 
ing efforts made to gain information of untoward in- 
cidents which might, correctly or not, be considered 
related to the administration of vaccine. Attention 
was particularly called to cases of poliomyelitis occur- 
ing in the vaccination period and the month after com- 
pletion of vaccine clinics. It had been suggested that 
any tendency for vaccine to give rise to cases of polio- 
myelitis would be most evident in that interval. More- 
over, fatalities from any cause were to be carefully 
investigated 


The first analysis comprised the 90 cases re- 
ported during the vaccination period which were ex- 
cluded from the evaluation. There were, in addition, 
39 cases reported in the following two weeks so that 
between May 1 and four weeks after vaccination 129 
cases of presumed poliomyelitis were recorded, 
These have been examined for location and severity 
of paralysis with relation to their vaccination status. 
The results are given in the following table. 


There was no instance of involvement of either 
arm alone or both arms alone, in those receiving in- 
oculations, but there were 4 in uninoculated persons. 
In the placebo study areas, 8 patients had involve- 
ment of arms and legs; in all but three both arms 
were affected. Three occured in persons who re- 
ceived vaccine, 3 who received placebo and 2 who 
had no injections. In the observed areas, 24 such 
instances were reported, 16 had bilateral arm in- 
volvement. Five occured in these receiving vaccine, 
19 in children who were not inoculated, an equal 
distribution. See appendix for cases. 


Involvement of the legs only was recorded in 

3 children receiving vaccine, in 1 with placebo and in 
20 who received no injections. There was 1 fatal case 
of poliomyelitis in a child who had received two injec- 
tions of vaccine who had a tonsillectomy in the same 
period; six other cases of poliomyelitis had been re- 
ported in the same area. In placebo areas the cases 
called non-paralytic poliomyelitis or not poliomyelitis 
were evenly distributed. The observed areas repre- 


Location of Paralysis 


Arms Only 


__Arm and other involvement 


Mod Sev. Mi!d|Mod Sev 


Not** Not*** 
Polio}/Polio 


Vaccine- Complete 

Vaccine- Partial 

Placebo 

No Injection 

Observed Areas: 
Total 

Vaccine-Complete 


Vaccine- Partial 
No Injection 


18 
8 
71 


1 


1 


1 
3 


= 


1 1 


weit 


*This case also had mild involvement in left arm. 
**Not included in the total cases. 
*** Also listed in “Location of Paralysis” section. 


sented more Southern states in some of which the 
incidence of poliomyelitis was already prominent, 
It appears that reporting of cases of the latter cate- 
gories were disproportionately common among in- 
oculated chiidren. Of the 86 total cases reported 
from observed areas by July 1, 35 were from Texas, 
7 from Florida, 5 from Oklahoma. The others were 
scattered through 17 states. 


There was in these data, therefore, no evidence 
of disproportionate frequency of paralytic poliomye- 
litis in vaccinated or inoculated children up to four 
weeks after the completion of vaccinations, nor was 
there any indication of selective localization of paral- 
ysis when present. 


Measurement of Antigenic Potency of Vaccine 


Serologic tests with the sera collected before 
the first inoculation and approximately two weeks 
after the third inoculation, as well as from uninoc- 
ulated children of the observed areas, are not yet 
completed. Excluding toxic sera, there are now 
tabulated, however, the results of titrations from 
nearly 9,000 children in various parts of the United 
States who received either three doses of one lot of 
vaccine or specific lot combinations, or who re- 
ceived no vaccine. The distribution is not yet such 
as to permit mapping of the natural antibody levels 
for each area adequately. Certain lots of vaccine 
were used almost entirely in combination with others 
so that their individual stimulus is not measurable; 
data concerning at least one other lot are not yet 
sufficiently reported. 


The data have been collected into tables and 
charts according to lot or lot combinations employed, 


showing the pre- and post-vaccination titers in par- 
allel with titers of control subjects at the same time. 
In addition, the responses of those without antibody 
to any type are grouped. Because the numbers are 
so uneven at present, strict mathematical evaluation 
of each lot has not been made. Nevertheless, a 
grouping of lots has been made according to the re- 
sponse observed and estimated. Five lots and three 
combinations have been called good; lot 304 appears 
the best and serves as a standard. Three lots and 
two combinations are poor, one of them essentially 
devoid of antigenic activity, as measured, except for 
a slight effect in persons who already had antibody to 
Type I or Ill virus. Two others have little effect for 
Types I and II but have fair Type II] components. The 
other lots fall in an intermediate position. It is gen- 
erally true that the Type I component is less effective 
than the II and III, which tend to be similar although 
mild variations occur between them. 


Classification of Vaccine Lots by their Antigenic 
Response to Each Polio Type Based on Titer Change 
Between First and Second Bleedings 


Response 

Class Lot No. I ul I 

Good 303 G- G- G- 
304 V.G. V.G. 

306 G- G- G- 

307 G G+ G- 

512 G- G G 

508-508-309 G G+ G- 

506-506-309 G G+ G+ 

305-305-307 G- G G+ 
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Placebo Areas: 
U 
) 


The differences in lots are sharply marked 
in those without preceding antibody to any type. 
These persons constituted 21.1 percent of the total, 
19.6 percent of those subsequently vaccinated, 
22.4 percent of the control group. In the placebo 
areas 20.6 percent of the vaccinated and 22.9 per- 
cent of the placebo controls were in this class. 


It is interesting that the variations corre- 
spond with the published observations of Dr. Salk 
from the tests made at the time the lots were ex- 
amined for release, but generally antigenicity 
appears somewhat less and in the poor lots, quite 
sharply iess. 


of 


507-507-307 
507-507-309 


V.G. =Very Good P =Poor 
G =Goed T =Trace 
F =Fair O =No Response 
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Response 
Type ‘Type Type 
Class Lot No. I ptf m 
Moderate 305 G- G+ 
505 G G- 
502-502-307 G- G 
508 -508 -307 G+ F+ 
514 G- G 
Low Moderate 508 | G- F+ 
506-506-307 F+ F 
308 F+ F+ 
303 -303 -307 F+ F+ 
502 F F 
513 F+ G- 
Poor 302 P F+ 
507 O-T T 
503 O-T O-T F 
SERUM ANTIBODY CHANGES 
PRE- AND POST- VACCINATION 
VACCINE LOT 304 
472 PAIRED SERA 
Rin Bia Ria 

‘we or Gime LEVEL OF FIRST BLOOD 


SERUM ANTIBODY CHANGES 
PRE- AND POST- VACCINATION 
VACCINE LOT 305 
225 PAIRED SERA 


LEVEL OF IST BLOOD 


SERUM ANTIBODY CHANGES 


PRE AND POST VACCINATION 
VACCINE LOT 508 
PARED SERA 
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Tyvres a TYPES arvets 
LEVEL OF IST BLOOD ee LEVEL OF IST BLOOD 
LEVEL OF tt LEVEL OF tt BLOOD LEVEL OF tt BLOOD 
SERUM ANTIBODY CHANGES 
PRE AND POST VACCINATION 
VACCINE LOT 302 
420 PAIRED SERA 
TYPE! Trees 
EES 
LEVEL OF tt BLOOD LEVEL OF — LEVEL OF tet 


SERUM ANTIBODY CHANGES 
PRE- AND POST- VACCINATION 
VACCINE LOT 503 
224 PAIRED SERA 


: 


TYPES 


LEVEL OF IST BLOOD LEVEL OF 1ST BLOOD 


SERUM CHANGES 
PRE- AND POST- VACCINATION 
VACCINE LOT COMBINATION 507 507 309 
63 PAIRED SERA 
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SERUM ANTIBODY CHANGES 
PRE- AND POST- VACCINATION 
LOT 307, 
LEVEL OF FIRST BLOOD LEVEL OF FIRST BLOOD ; LEVEL OF FIRST BLOOD 
LEVEL OF FIRST BLOOD LEVEL OF FIRST BLOOD LEVEL OF FIRST BLOOD 


25 
Persistence of Antibody Response 17.6 as non-paralytic poliomyelitis. Of those clas- 


. sified as poliomyelitis 79 percent were called paraly- 
Data from the third bleedings obtained in No- tic. There is little disparity in the distribution of 
vember are incompiete and irregularly distributed cases by diagnosis in the placebo and observed study 
so that a complete view of the levels of antibody at areas. It must be emphasized again that the criteria 
that time is not available at present. Nevertheless, for the designation "paralytic" were such that pa- 
the accumulated results indicate that when good anti- tients with minimal involvement are included. 
body response resulted from vaccination, the effect 
was maintained with but moderate decline after five Table 2a. Summary of Study Cases by Diagnostic Class 
months. There was little suggestion of increases 
continuing beyond the levels attained two weeks after Diagnostic § Total PlaceboAreas Observed Areas 
vaccination, although a few instances of what appeared Class No. 4 No. % No. % 
to be a delayed response were observed. Generally, 
the decline appeared to be of the order of one dilution Total 1,013 100.0 100.0 585 100.0 
so that the number in the highest titer group declined 
and a greater accumulation appeared in the lowest titer Paralytic 685 a 3 rs oe 
groups. Consequently, when the stimulus was slight, “ 78 
the effect might largely have disappeared in five months olio 
But, according to most of the results analyzed, the Not Polio . E ‘ 
distribution of antibody levels after five months was 
still much higher than that in the control population Distribution by Vaccination Status and Major 
from the same areas, except when poorly antigenic Diagnostic Classes: In Table 2b the cases are dis- 
material was involved. Tables of representative data _— tributed according to the various test and control 
are presented in the appendix. segments of the study populations and the rates per 
100, 000 study population in these segments are pre- 
sented, The evaluation is essentially limited to a 
Distribution of Cases of Poliomyelitis in the Study comparison of incidence in the vaccinated and in the 
Groups established controls. In the placebo control areas 
there is a ratio of 2.5:1 between the total number of 
ral c Cat 4 cases among those receiving placebo and those given 
A total of 1013 cases was reported as poliomyelitis vaccine. When the paralytic cases are considered 
during the study period from two weeks after vaccina- lone, this ratio becomes 3.5:1. On the other hand, 
tion to December 31, 1954. Of these, 14.8 percent there is no difference in the attack rate of non-paraly- 


were finally classified as dcubtful or not poliomye- tic poliomyelitis or in the group called not poliomye- 
litis, 67.6 percent as paralytic poliomyelitis and litis in vaccinated compared to control populations. 


Table 2b. Summary of Study Cases by Diagnostic Class and Vaccination Status 
(Rate per 100,000) 


Poliomyelitis Cases 
Study Group Study | “Total | Paralytic | Non-Paralytic 
Population No. | Rate|No. | Rate] No. | Rate 

All Areas - Total 1,829,916 37 «1 
Placebo Areas - Total 749,236 

Vaccinated 200,745 

Placebo 201,229 


Not Inoculated * 338,778 
Incomplete Vaccinations 8,484 


Observed Areas - Total 1,080,680 


Vaccinated 221,998 
Controls** 725,173 
2nd Grade Not Inoculated 123,605 
Incomplete Vaccinations 9,904 


*Includes 8,577 children who received one or two injections of Placebo. 
**First and third grade total population. 


Mot 

Polio 

| | No. | Rate 

1508 

7m 9 

25 «(12 

20 10 

2 24 2 12 

7% #3 S6 2 38 17 18 20 «9 

439 61 391 54330 46 61 48 

6 11 9 12 10 

4 40 4 4 #4 4 
} 


In the observed control study, the number of 
persons in the control population is approximately 
3.3 times that of the vaccinated and hence in making 
comparisons the numbers of cases must be consid- 
ered in terms of rates. The ratio of total cases in 
controls to those in vaccinates is 2.2:1 while in 
paralytic cases this ratio becomes 2.7:1. Here again, 
however, no difference in attack rates is noted in non- 
paralytic, or in the not poliomyelitis, doubtful group. 
The interpretation of the latter observation is not 
clear from these data, but it should be remembered 
that the classification of study cases into diagnostic 
categories was done without knowledge of the pa- 
tient's vaccination status. There is no evidence of 
artificial selection suggested. 


As indicated earlier, the suggestion was made 
by certain consultants that a more critical compari- 
son would be achieved in observed control areas, if 
the attack rate in the total second grade were com- 
pared with that in the first and third grades com- 
bined. By this procedure the effect of the vaccine 
used in 65 percent of the second grade population is 


reduced through the addition of the cases and popula- 
tion among the non-inoculated and partially inoculated 
second grade population. Despite this redefinition of 
the test and control groups the differences in polio- 
myelitis attack rates are highly significant for total 
cases (P <.001) and for paralytic cases alone 

(P <.001). 


Total cases Paralytic cases 


Population No. Rate per No. Rate per 
100 ,000 100,000 


2nd Grade 355,507 41 24 


Ist & 3rd 
Grade 725,533 439 


146 85 


The next two tables present the data in greater 
detail with subdivision of the diagnostic groups and a 
resultant decrease in numbers of cases per class. 
Where numbers reasonably permit, estimates of the 
significance of the differences in rates among vac- 


Table 3a. Total Reported Poliomyelitis Cases in Study Population Distributed by VEC Diagnosis, 
Degree of Paralysis and Vaccination Status—Placebo Areas 


Number of Cases 


Rate per 100,000 


VEC Diagnosis by 


Degree of Paralysis Vaccinated 


Placebo 


Vaccinated | Placebo 


Not 


Total Cases* 


tt 


0.9 
20.4 
6.8 
9.6 


Not Polio 41 


Oa @ $ 


Qn 
© 


*Excludes two cases who received partial injections. 


S.L.— Level of statistical significance. 


‘ 


26 
| 
426 /100.0 162 81 .001 55 
Paralytic Total 269 | 63.1 115 57 .001 
Spinal 183 | 43.0 70 35 001 
Score 0 60 25 12 .01 
1-19 44 12 6 N.S. 
20-89 47 20 10 01 
90-199 23 8 4 05 
200+ 9 4 2 N.S. 
Unknown - - - - 
Bulbar 14] 3.3 5 
Bulbo-spinal 68 | 16.0 36 
Score 0 18 10 
1-19 20 13 
20-89 11 5 
90-199 14 6 
200+ 5 2 
Unknown - - p 
Fatal Polic 4 4 N.S. - 
Non Paralytic 87 27 N.S. ll 
: Doubtful Polio 29 8 N.S. 2 F 
12 N.S. 5 


cinated and controls are attached. The procedure 
used to estimate the significance of the differences 

in rates is outlined in the appendix. Table 3a refers 
to the placebo study areas. Differences at the sig- 
nificance level of .001 (variation this great or greater 
expected less than once in 1000 similar trials) exist 
between the rates for vaccinated and control children 
when viewed as total cases or paralytic, either spinal 
or bulbo-spinal. Moreover, the differences tend to 
increase as the severity of disease increases. For 
example, 33 percent of the spinal paralytic cases in 
the two lowest grades of paralysis occurred in the 
vaccinated, but only 23 percent of cases in the three 
higher grades were vaccinated, and only 2 cf the 

38 bulbo-spinal cases received vaccine. The four 
fatal cases of poliomyelitis occurred among children 
in the placebo control group. 


Table 3b presents the same type of analysis of 


cases in the observed study areas. The significance 
of differences in rates in vaccinated and control popu- 
lations in the major categories are also at the .001 
significance level. The attack rates for spinal paraly- 
tic poliomyelitis were 9 and 27, respectively, in the 
vaccinated and control groups, and again the differ - 
ence increased with severity of paralysis. The dif- 
ference between the attack rates for bulbo-spinal 
poliomyelitis in vaccinated and controls was signifi- 
cart at .01 but the ratio was only 2:1 as compared 
with 18:1 in the placebo areas. The difference in 
cases classified as pure bulbar was, however, more 
distinct. All eleven fatal cases of poliomyelitis oc- 
curred in the control population, a case fatality rate 
of 2.5 percent for the poliomyelitis cases in the con- 


trol. 


Table 3b. Total Reported Poliomyelitis Cases in Study Population Distributed by VEC Diagnosis, 
Degree of Paralysis and Vaccination Status—Observed Areas 


Number of Cases Rate per 100,000 
VEC Diagnosis By 
Control | 2nd Grade Control 2nd Grade 

Degree of Paralysis Vaccinated | Not | Vaccinated! | SL | Not 
Total Cases* | 581/100.0 76 439 66 34 61 -001 53 
Paralytic - total 411] 70.7 38 330 43 17 46 -001 35 
Spinal 247) 42.5 20 199 28 y 27 001 23 
Score 0 79 12 63 4 5 9 N.S. 3 
1-19 64 5 51 8 2 7 01 6 
20-89 67 2 53 12 1 7 001 10 
90-199 26 1 22 3 ° 3 .05 2 
200+ 10 - 9 1 - 1 N.S. 1 
Unknown 1 - 1 - . N.S. = 
Bulbar 25; 4.3 3 20 2 1 3 N.S. 2 
Bulbo-Spinal 128| 22.0 15 100 13 7 14 01 11 
Score 0 21 5 14 2 2 2 N.S. 2 
1-19 38 6 29 3 3 a N.S. 2 
20-89 33 4 26 3 2 4 N.S. 2 
90-199 11 - 9 2 - 1 N.S. 2 
200+ 23 - 20 3 - 3 01 2 
Unknown 2 - 2 - N.S. ° 
Fatal Polio 11] 1.9 - 11 - - 2 N.S - 
Non- Paralytic 90] 15.5 18 61 11 8 8 N.S. 9 
Doubtful Polio 44; 7.6 12 26 6 5 4 N.S. 5 
Not Polio 36] 6.2 8 22 6 4 3 N.S. 5 


**Less than 1 per 100,000. 
S.L.—Level of statistical significance. 


*Excludes 4 cases who received partial injections. 


= 
27 
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Table 4a, Distribution of Study Cases by Diagnostic Category, Specimens Examined, Positive Virus Isolation 


Placebo Areas 


Total 


Virus Isolation 


Observed Areas 
otal Virus Isolation 


Diagnostic Category Specimens 


umber 


umber | Percent 


Total 170 


Paralytic-spinal 
Paralytic-bulbo- spinal 
Paralytic-bulbar 
Non-paralytic 


125 
81 
13 
31 


Note: Six fatal cases with isolation omitted. 


Frequency of Isolation of Virus in agnostic 
Classes: specimens from non- 


cases of poliomyelitis (85 percent) were examined 

in the laboratories for the presence of poliomyelitis 
virus. Virus was isolated from 62.1 percent of 
stools obtained from paralytic cases in the placebo 
areas and from 64.4 percent of them in observed 
study areas with a tendency to increased frequency 
of isolation in the more severe cases. The frequency 
of virus recovery in the non-paralytic cases was 
markedly less, 38.7 percent. This raises the ques- 
tion whether it is more difficult to isolate virus from 
cases of non-paralytic poliomyelitis because they are 
more resistant or because this diagnostic group in- 
cludes a significant proportion of cases that are not 
poliomyelitis. But again it is pointed out that virus 
was not recovered from 30-40 percent of paralytic 
cases—Table 4a. 


lat 
; The cases are 
tabulated in Table 4b on the basis of virus isolation 
and the associated serologic findings in each clinical 
category. 


There are many features of interest in the 
data, but the item of immediate concern relates to 
the serologic findings in patients from whom virus 
was isolated. Of the paralytic spinal cases with 
virus isolated and whose sera were studied, 75 per- 
cent showed positive or probably positive serologic 
findings. In the bulbo-spinal cases this was 73 
percent and in cases of non-paralytic poliomyelitis 
it was 68 percent. When attempts to isolate polio- 
myelitis virus were negative, 44 percent of such 
cases nevertheless gave serologic results of this 


same nature, The data bring to the fore the diffi- 
cult problem of blending the laboratory and clinical 
data uniformly. Specifically, what bearing should 
probably positive serologic findings, in the absence 
of virus isolation, have on diagnosis? The data also 
present the problem of “other viruses” and their 
proper position in the field; this will be discussed 
later 


The Distribution cf Laboratory Confirmed 
Cases According to Vaccination Status: Despite the 
inability to assess fully the significance oi certain 
relationships observed in the previous table, and 
the fact that the diagnosis of a number of typical 
cases of poliomyelitis was not established by labor - 
atory evidence, it was desirable to analyze the dis- 
tribution of cases, in veccinated and control groups, 
that would be fully accepted as confirmed by labora- 
tory findings. Table 5a presents these data for 
placebo study areas. There were 86 cases, with 
virus isolated or a 4-fold or greater rise in antibody, 
in the placebo controls and 18 such cases in the vac- 
cinated; a ratio of approximately 5:1. The numbers 
in the pure bulbar and fatal groups are small but in 
all other paralytic classes including those of minimal 
grade, the differences in the rates between vaccinated 
and controls were highly significant. On the other 
hand, the differences in the non-paralytic group were 
not statistically significant at the .05 level. 


As seen in Table 5b much the same pattern 
exists in observed control areas although, as pre- 
viously indicated, the difference in the bulbo-gpinal 
class was not as marked as was the case in the 
placebo study areas. 


Table 4b. Diagnostic Classification of Total Study Cases and Results of 
Laboratory Investigations for Placebo and Observed Areas 


Recovery of Virus 
No. 


1013 
426 
326 

93 
156 


12 


434 
221 
112 
35 
62 


29 
Diagnostic Serologic Results 
Cass _| [EEE | Positive | Probable | Indefinite | Negative | None 
Total Cases Total 263 282 176 
Positive 130 97 50 
Negative 77 121 4 
' Other 26 37 16 
Not done 30 27 76 
Detected 
in family - - - 
Paralytic -- Total 123 118 75 
Spinal Positive 69 47 26 
Negative 33 41 12 
Other ll 16 7 
Not done 10 14 30 
Detected 
in family + - - - 
Paralytic-- Total 236 71 60 26 
Bulbar and Positive 139 42 33 = 
Bulbo- spinal Negative 52 12 23 3 
Other 8 a 2 1 
Not done 33 13 2 10 
Detected 
in family 4 - - - 
Non- paralytic Total 178 53 60 
Positive 60 19 16 
Negative 69 22 27 
Other 26 7 12 
Not done 22 5 5 
Detected 
in family 
Fatal Poiio Total 1 
Positive 
j Negative 
Other 
Not done 
Detected 
in family 1 - - 
f Doubtful if Total 73 1 14 33 4 20 
Polio Positive - - - - 
Negative 40 1 8 22 2 
Other 12 - a 6 1 
Not done 20 - 2 5 1 
Detected 
in family 1 ~ - - - - 
Not Polio Total 64 1 - + 52 6 
Positive - 7 - - - - 
Negative 43 1 - 4 36 2 
Other 11 - - ll - 
Not done 9 - - - 5 4 
Detected 
in family 1 - - - - - 
.- Other Specific Total 13 - 2 6 2 3 
Disease Positive - - - - - - 
Negative 9 - 2 4 2 1 
Other 1 - - 1 - - 
Not done 3 ~ - 1 - 2 
Detected 
in family - - - 


Table 5a. Reported Poliomyelitis Cases in the Study Population - Laboratory Positive* Placebo Areas 


Number of Cases 


Rate per 100,000 


Vaccinated | Placebo 


Placebo 


S.L. 


Paralytic - Spinal 
Zero score 
Scores 1+ 


Paralytic - Bulbar 
Paralytic - Bulbo-Spinal 
Polio Fatalities 


*Includes 170 cases with poliomyelitis virus isolated 
23 no virus but 4-fold or greater rise in antibody in paired sera 


5 no virus from patient but poliomyelitis virus recovered from a family member 
S.L.— Level of statistical significance. 


Table 5b. Reported Poliomyelitis Cases in the Study Population - Laboratory Positive* Observed Areas 


VEC Diagnosis 


Number of Cases 


Rate per 100, 000 


Vaccinated 


Control 


S.L. 


Inoculated 


Total 
Non- Paralytic 
Paralytic - Spinal 


Zero score 
Scores 1+ 


Paralytic - Bulbar 
Paralytic - Bulbo-Spinal 
Polio Fatalities 


*Includes 253 cases with poliomyelitis virus isolated 
42 no virus but 4-fold or greater rise in antibody in paired sera 


5 no virus from patient but poliomyelitis virus recovered from a family member 


**Less than 1 per 100,000. 


S.L.— Level of statistical significance. 


30 
| 
Inoculated Inoculated 
Total 198 001 28 7 
Non- Paralytic 32 N.S. 4 
106 16 
85 .001 12 
10 N.S. 1 
3 N.S. - 
| 
300 25 248 27 001 22 
41 8 31 2 N.S. 2 
150 7 127 16 .001 13 
36 3 32 1 1 
114 4 95 15 .001 12 
17 1 15 1 N.S. 1 : 


Further examination of the data included con- Type Il virus was recovered from 6 cases in the con- 
sideration of the immunologic type of poliomyelitis trols, but from none in the vaccinated; the small num- 
virus encountered, together with serologic results, bers make the results of significance tests question- 
A summary is presented in Tables 6a and 6b. able. Type III virus was recovered from 25 control 

patients but from only 2 of the vaccinated, a ratio of 

Of the 315 poliomyelitis viruses isolated and 12:1. The significance of this difference again is high. - 
identified from the vaccinated and control subjects, The less pronounced effect in preventing illness due 
180 (57 percent) were Type 1, 42 (13 percent) were to Type I infection than is true of Type II], may be 
Type Il and 93 (30 percent) were Type III. In placebo related to the lesser antigenic effect of the Type I 
areas Type I virus was recovered from 39 of the con- | component in the vaccines previously discussed in 
trols and 13 of the vaccinated, a ratio of 3:1. The considering the study of pre- and post-vaccination 
difference in rates is highly significant statistically. specimens. 


Table 6a. Poliomyelitis Cases in the Study Population by Virus Detection, Serology, Type of Virus, 
and by Vaccination Status - Placebo Areas 


Number of Cases Rate per 100,000 


Virus Detection and Serology Control Control 
Vaccinated pulation Population 


Virus Isolation Positiye - Total 15 70 35 


Serology - Positive and probable 43 21 
Indefinite 13 
None 14 


8.L. 


Virus Type I - Positive - Tctal 


Serology - Positive and probable 
Indefinite 
None 


Virus Type II - Positive - Total 


Serology - Positive and probable 
Indefinite 
None 


Virus Type Ill - Positive - Total 


Serology - Positive and probable 
Indefinite 
None 


= 
@ 


Virus Isolation Negative - Total 
Serology - Positive and probable 


*Less than 1 per 100,000. 
S.L.— Level of statistical significance 


31 : 
Not 
Inoculated 
-001 24 
-001 16 
NS 7 
01 2 
13 39 6 19.001 14 
6 27 3 13 -001 9 
6 8 3 4 NS 4 
1 4 2 NS 1 
2 25 1 12 
1 12 bd 6 
- 5 - 2 
1 8 4 
8 18 4 9 05 5 
7 Type I 2 9 1 4 05 2 
Type Il 2 5 1 2 NS 1 
Type II 4 4 2 2 NS 2 
Indefinite 16 8 8 4 NS 2 
None 5 5 2 2 NS 2 


Table 6b. Poliomyelitis Cases in the Study Population by Virus Detection, Serology, Type of Virus, 
and by Vaccination Status - Observed Areas 


Number of Cases 


Rate per 100,000 


Virus Detection and Serology Control 


2nd Grade 
Vaccinated Not Inoculated] 


2nd Grade 


Control 
|8-L-| Not Inoculated 


Virus Isolation Positive - Total 20 210 


Serology - Positive and probable 144 
Indefinite 41 
None 


Virus Type I - Positive - Total 


Serology - Positive and probable 
Indefinite 
None 


Virus Type Il - Positive - Total 


Serology - Positive and probable 
Indefinite 
None 


& 


Virus Type III - Positive - Total 


Serology - Positive and probable 
Indefinite 
None 


Virus Isolation Negative - Total 
Serology - Positive and probable 


22 16 


. . * 
S$ 4435 448 


NS 
NS 
NS 
01 

NS 
NS 
01 

NS 
NS 


*Less than 1 per 100,000. 
S.L.—Level of statistical significance. 


In observed study areas the rate of incidence 
for Type I virus infections with isolation is the same 
(6 per 100, 000) as in the placebo areas but the dif- 
ference between vaccinated and controls is somewhat 


less. The rates are much higher than those for Type II 


and III infections with virus isolation. The differ- 
ences in rates between vaccinated and control popu- 
lations for Type I] and Type III cases are less striking 
than in placebo areas, but are still highly significant. 


Even among the cases classified by type serologically, 


but without virus isolation, there is a difference in 
the rates in vaccinated and control populations, sig- 
nificant at the .01 level. 


It is noteworthy that the instances of virus 
isolation from patients with "indefinite” serology 
tend to be disproportionately common in the vac- 
cinated individuals. Since a large proportion of 
vaccinated persons may have antibody to the three 


types of virus this could be expected; hence, the re- 
covery of virus indicates that vaccination and the 
production of antibodies may not uniformly prevent 
infection. On the other hand, 67 percent of paraly- 
tic cases from whom virus is isolated have antibody 
to that virus only and in this group are 78 percent of 
the serological positives and all the probables. Since 
the percentage of persons in the total sample popu- 
lation bled prior to vaccination and found to have no 
antibody to any of the three types of poliomyelitis 
virus is only 20 percent, it follows that 67 percent 
of the paralytic cases developed in that segment of 
the population. Of the cases with virus isolated, 
which occurred in vaccinated children, 31 percent 
had homologous antibody only. Therefore, these 
must be patients who had failed to develop antibody 
from vaccination. This entire phase of the problem 
requires further study. 


32 
— 
15 5 11 1 
6 4 4 
1 1 1 
ee 4 7 6 5 ‘ 
6 6 3 4 
6 - 3 - 
2 1 1 1 
2 2 1 1 
—C“C;isSCSCSSCiésd 4 13 2 10 
2 7 1 6 -001 5 
2 6 1 2 4 
- - - 1 - 
39 115 23 18 16 17 
8 67 9 4 9 7 
Type I 4 23 3 2 3 2 
Type II 3 16 2 1 2 1 
Type Il 1 28 4 ad 4 3 
Indefinite 29 41 12 13 6 9 
None 2 9 2 1 1 1 


and Control Populations According to Lot of Vaccine 
Used 


Further breakdown of the data to consider the 
efficacy of different lots of vaccine with respect to the 
different immunologic types of virus is confronted by 
the limitations of small numbers. Nevertheless, the 
paralytic cases grouped according to the type of polio- 
myelitis virus isolated or serologically identified, 
were tabulated by lot of vaccine concerned. The con- 
trol subjects were those specifically associated with 
that lot or lot combination. The numbers include 
persons from all parts of the country in which the 
particular lot or combination was employed. There 
is, of course, great variation in the risk of exposure 
to poliomyelitis represented by the segments from 
different areas. Moreover, the prevalence of dif- 
ferent types of virus varied geographically. In cer- 
tain areas most of the cases were caused by Type II 
virus (Jefferson County, Kentucky, or Utah). In other 
areas most cases were associated with Type I virus. 
In no one area was a major prevalence of Type Il virus 
noted. 


Placebo Areas: In the placebo study population 
there were 148 paralytic cases; in 87 of these polio- 
myelitis virus was recovered; fifty-one Type I, five 
Type 0 and thirty-one Type III. Nine or 17.6 per- 
cent of the fifty-one Type I cases occurred in vaccin- 
ated persons and 42 in the controls, with correspond- 
ing rates of 4 and 21 per 100,000. All Type Il cases 
occurred in controls. Thiee Type Ill cases occurred 
in vaccinated children, 28 in the controls. These dif- 
ferences are quite distinct. However, 21 of the paral- 
ytic cases, without virus recovered, were in the vac- 
cinates and 40 in the controls, a 1:2 ratio. 


The data divided by individual lots are pre- 
sented in Table VII of the appendix. The lots are 
also grouped according to the antigenic response pre- 
viously presented. Among the 84,571 children vac- 
cinated with lots classified as good, two Type I cases 
and no others occurred, while twenty-six Type I, 
three Type II and sevén Type III cases occurred in 
the equally numbered controls. There is little doubt 
of the efficacy of the vaccine in this series and the 
specific rates for the population concerned empha- 
size the fact. There was, however, no difference 
between paralytic cases from whom virus was not 
recovered. 


Approximately 74,000 children received lots — 
characterized as moderate or low moderate. There 
were three Type I and two Type III paralytic cases 
among persons receiving these vaccines, with twelve 
Type I and four Type III cases in the control group. 
The difference in Type I incidence is significant. 
About one-third of the cases without virus isola- 
tion appeared in the vaccinated children. 


The lots designated poor had exhibited very 
little antigenic potency against Type I, a slight effect 
for Type II, but the Type III] component was fairly 
good. Among the 42, 000 children receiving these 
two vaccines, there were 4 cases of Type I disease 
and the same number in the controls, but there were 
17 cases of Type III in the controls and only one in 
the vaccinated, The one lot, 302, was used in Utah 
where Type III was the prevalent disease, a fortu- 
nate circumstance. The most distinct difference 
in cases from whom virus was not isolated was 
observed with this lot. 


Thus, while the number of cases is not suffi- 
ciently large to permit an adequate evaluation of each 
lot, trends appear to be present which generally are 
in keeping with the information gained from the serolo- 
gic studies of pre- and post-vaccination sera. Breaks 
in vaccinated children were most common with Type!. 
Protection was most evident when lots of vaccine with 
good antigen to this type were involved, with rates of 
2 in vaccinated and 31 in controls. The poor lots 
which induced little Type I response gave no evidence 
of preventing that disease although the Type III effect 
was distinct. But it must be pointed out that Type I 
virus infections were half again as common as Type III 
and the Type II infections were a small minority. The 
indistinct difference between cases without virus 
isolation may be the result of a variety of factors. 


Observed Areas: In these areas many more 
combinations of lots were employed although there 
were several lots which were used alone in relatively 
large amounts (data presented in table VIII of ap- 
pendix). But small numbers of cases hinder detailed 
evaluation of each lot. Because of differences in size 
of vaccinated and control populations, attention must 
be directed toward the rates of incidence. In the 
50,816 vaccinated with lots considered good anti- 
genically against all three types of virus, no Type I, 
one Type II and one Type III paralytic cases appeared, 
with respective rates of 0, 2, 2. In the corresponding 
controls the respective rates were 14, 4 and 8. ‘The 
difference between rates in vaccinated and controls 
is quite definite for Type I and for Type Ul it is 
clearly significant. The bulk of the material repre- 
sents lot 303 and a combination of 305 with 307. 


In those receiving the lots graded moderate 
there were eight cases of Type] paralytic poliomyel- 
itis, no Type Il cases and one Type III, Generally, 
the differences between vaccinated and control in the 
Type I rates is less distinct than was seen in the good 
lots but it can be pointed out that in the controls for 
lots 506 and 508, comprising over 131, 000 children 


. there were 30 Type I cases with only one in the 38, 000 


vaccinated, rates of 23 and 2.6 respectively. In com- 
parison with the single Type Ill case in vaccinated 
children there were 37 in the controls. Much of this 


Table 7a. Distribution of Study Cases by Antigenicity of Lots of Vaccine and Vaccination Status _ 
in Placebo Areas (Rate per 100, 000 in study population) 


165 
135 
20 
62 
53 
95 
12 
46 
37 
40 
8 
16 
16 
30 


12 ll 
10 10 
Non-inoculated 9 


SGeo 2 2 & 


w 


ear 


“includes one case with incomplete injections 


centered about Louisville, Kentucky, where Type III 
poliomyelitis was highly epidemic and where lot 506 
or 506 combined with 307 was used. The rate in the 
controls was 18 per 100, 000 and 0 in the vaccinated. 
It is of interest, too, that a distinct difference in 
distribution of cases without virus isolation occurred 
in this group as well, 3 in vaccinated, a rate of 6, 
and 33, a rate of 22, in controls, suggesting that 
many of them were in fact, Type III infections. 
There were no cases of Type II in vaccinated and 11 
in the controls in the moderate groups. 


The lot graded as poor, 507, elicited essen- 
tially no antibody to Type I and minimal response to 
the others. It was given to 21, 635 children among 
whom one Type I, one Type II and two Type III paral- 
ytic cases occurred, The rates were 5, 5 and 9, re- 
spectively, and in the controls were 12, 14 and 14. 
There is no significant difference between the rates 
in these groups. Children vaccinated with this lot 
were the only group in which cases caused by each 


of the three types of virus appeared. And, although 
the numbers involved do not permit a precise con- 
clusion statistically, the lack of significant difference 
in rates, the knowledge of its antigenic impotence and 
the distribution of cases combine to indicate that it was 
an ineffective vaccine. An additional 18, 545 children 
were given this lot for the first two doses and a dif- 
ferent one for the third. Among them no paralytic 
cases due to a typed virus occurred, while in the 
controls there were thirteen Type I, one Type I, 
and five Type Ill cases. Here, too, the difference 
between untyped cases appeared distinct. 


The discussion has given emphasis to the 
fact that the relatively small size of the populations 
involved, the differences in distribution of infecting 
types, and the irregularities of prevalence contrib- 
ute restrictions to detailed analysis. It is evident 
that the results obtained represent the influence of a 
number of vaccines and the summary data are a com- 
posite of those effects. 


34 ; 
a Aatigenicity Levels Based on Pre- and Post-Vaccination Titers 
|_No. | Rate | | || No. | Rate | No. | Rate | HM | Rate] No. | 
Rate 7 
Total Reported Cases 428 147 28 3 
Total Polio Cases 358 122 23 2 - 
Vaccinated 57 28 24 24 «642 1 6 28 - - 
Placebo 142 71 73 62. 8 46 87 - 
Non-inoculated 159 63 14 2 
Paralytic Cases 270 92 18 2 
Vaccinated 33 16 14 13 23 - - 19 - - 
Placebo 115 57 54 7 41 78 - 
Non-inoculated’ 122 50 ll 2 
Non-Paralytic Cases 88 30 5 | - 
Vaccinated 24 12 9 19 1 6 4 9 - - 
Placebo 27 13 19 ll 1 6 4 9 - - 
Non-inoculatedY 37 3 5 - 
Not Polio 70 25 5 9 1 
13 8 14 1 6 5 12 - - 
12 7 12 - 3 7 
10 4 1 1 


Table 7b. Distribution of Study Cases by Antigenicity of Lots of Vaccine and Vaccination Status 
in Observed Areas (Rate per 100, 000 in study population) 


Levels Based on Pre- and Post-Vaccination Titers 
Low 


grades. They are divided as follows according to 
the results of stool examination for virus. There 
were 10 from whom Type I virus was recovered and 
one Type .II virus. But, in addition, there are 5 
unidentified or "orphan" viruses all recovered from 
patients in Massachusetts and central New York State. 
The three in which serologic studies were done pre- 
sented no evidence of poliomyelitis virus infection, 
in fact, they had antibodies to all three types. These 
data demonstrate further the need for analysis in 
which only the "positive" cases of poliomyelitis are 
included. . 


From 6 of the 25 non-paralytic cases "orphan" 
viruses were recovered; 5 of these were also from 
Massachusetts and central New York. All 5 had 
antibody to all three types of poliomyelitis virus. 
The other case had only a high antibody level to 


Total 
Study Group Moderate Moderate 
No. | Rate No. | Rate No. | Rate No.| Rate No.| Rate| No. | Rate 
Total Reported Cases 585 103 122 178 144 38 
Total Polio Cases 505 90 103 158 119 35 
Vaccinated 625 7 4 12 «(27 16 4 3% 
Controls 391s 54 72 #42 80 54 123 53 90 63 26 76 
Non-inoculated 58 ll ll 19 12 5 
Paralytic Cases 415 81 85 132 88 29 
Vaccinated 5 10 9 20 11 10 8622 3 «(26 
Controls 330 67 839 67 45 106 46 68 22 («64 
Non-inoculated’ 47 9 9 15 10 4 
Non-Paralytic Cases 90 9 18 26 31 6 
Vaccinated 18 8 2 4 3 7 5 7 7 15 1 9 
Controls 61 8 5 3 13 9 17 7 22 16 4 12 
Non-inoculated ll 2 2 4 2 1 
Not Polio 80 13 19 20 25 3 
Vaccinated 20 9 1 2 7 16 4 6 5 ll 3 26 
Controls 48 7 10 6 8 5 13 6 17 «12 - - 
Non-inoculated 12 2 4 3 3 - 
includes four cases with incomplete injections 
Further Consideration of Paralytic Cases in Type I virus. From 5 of the remaining non-paraly- 
Vaccinated Persons tic cases Type I virus was recovered. 
Of the 84 cases reported as poliomyelitis in 
vaccinated children of the placebo study areas, there Polio 
mye- Uniden- Other 
were 34 classified as paralytic poliomyelitis of all Paralytic — litis virus tified specific bl _ 
cases lum “orphan” virus 
virus 
Spinal - 13 4 
Bulbar 
and bulbo- 


*Includes one patient with incomplete vaccination. 


Of the 10 paralytic cases from whom Type I 
virus was isolated, 6 came from New York State. 
In only one, possibly two, of the 8 tested was anti- 
body to all three types of virus present indicating 
the lack of a full vaccination effect and also sug- 
gesting that they had not previously developed Type | 
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antibodies. The patient with Type III virus infection 
exhibited antibody to only that type. There is a fur- 
ther suggestion that antibody to heterologous types 
was also developing in certain cases although they 
were not close to the time of vaccination. Three had, 
in addition, significant rises to the homologous virus. 
It is of interest that in those with negative stools 
among the vaccinated there were 7 who had 

to a single type of virus indicating the lack of full 
vaccine effect. 


In the observed areas there were ten Type I, 
two Type II and four Type III viruses isolated from 
the paralytic cases occurring in vaccinated children. 


**Includes two patients with incomplete vaccina- 
tion, 


Eight of the 15 had antibody to only one type of 
virus, 4 exhibited good levels to all types, 2 of whom 
had quite definite paralysis. The others had antibody 
to two types at low levels. There was also a Type I 
isolated from a patient with incomplete vaccination. 
Including the 5 cases of non-paralytic poliomyelitis 
from whom Type I virus was isolated, 10 of the 21 
total cases had antibody only to the homologous type, 
suggesting failure of antigenic response to the vaccine 
used, The 4 cases developing in persons vaccinated 
with Lot 507 had antibody derived only from the in- 
fecting virus, whether Type I, IJ or II], again empha- 
sizing its lack of antigenic effect. 


Orphan viruses were recovered from 3 of the 
cases classified as paralytic, these from widely sep- 
arate parts of the country. 


This brief survey points out that 11 of 36 cases 
in vaccinated children from whom poliomyelitis virus 
was recovered, possessed antibody to only one type 
of virus, even in convalescence. This indicates 
rather precisely that a significant number of the pa- 
tients who developed poliomyelitis, despite vaccina- 
tion, had failed to develop antibodies as a result of 
vaccination. In some instances the failure was re- 
lated to the lot of vaccine used but in others there 
must have been variations of another kind which 


were responsible. 


The Relation Between Original Reported Diagnosis 
and Final Classification of Cases in Study Population 


In Tables 8a and 8b information is presented 
to show the final classification of cases reported to 
the Evaluation Center in comparison with the diag- 
nosis indicated on the Clinical Epidemiological re- 
cord. It is apparent that the major change occurs 
in those with an original diagnosis of non-paralytic 
poliomyelitis. In both placebo and observed study 
areas approximately half of them (52 percent) were 
moved into a paralytic category. This illustrates 
the fact that the detailed muscle examination detects 
muscular impairment which might be overlooked 
readily and further, that the final diagnostic cate- 
gory "minimal paralytic" conservatively avoids 
exclusion of patients about which doubt might well 
exist as to the presence of paralysis. 


Approximately 30 percent in placebo areas 
and 27 percent in observed areas remained in the 
non-paralytic class while the remainder were con- 
sidered not poliomyelitis or doubtful. 


A Comparison of the Distribution in Vaccinated and 
Controls of Paralytic Cases According to Degree of 
Muscular Impairment Measured at First and Second 
Examination 


The results of the physical therapists’ examina- 
tion made 50-70 days after onset were compared with 
those of examinations of the same patients made 10- 
20 days after onset, all of whom were classified by 
the Vaccine Evaluation Center as paralytic. The 
groups in grade I without scores are presented sep- 
arately from those with score and the grade II group 
(score 1-19) are also listed separately from taose 
with higher grades of involvement. 


In placebo control areas, Table 9a, the ratio 
of total cases, occurring in placebo controls to those 
in vaccinated is 3.5:1 when either the first or second 
muscle grading is used as a basis for classification. 
In the group I spinal (zero score) the ratio is 3:1 
based on the first examination and 1.8:1 on the second 
examination. This would suggest either that vaccine 
failed to prevent these cases or that a fair proportion 
of illnesses, so classified, were not poliomyelitis. 
Within the limits of the small numbers, the ratio of 
cases in placebo controls to those vaccinated was 
sharply increased in cases classified as bulbo-spinal, 
even when the score was zero (17:1). In spinal 
paralytic poliomyelitis with a score these ratios 
clearly demonstrited the protective effect of vac- 
cine. 


Comparison between the protective effect 
demonstrated in cases classified by the findings of 
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Poliomye- Uniden- Other 
Paralytic Tot litis virus tified ific No Not 
cases “orphan” virus done 
vires virus 
Spinal 23 2 «- 3 13** 1 
Bulbar 
and bulbo- 
spinal 19 6 - 4 - - oe 61 


Table 8a. Distribution of Study Cases by Final Diagnosis Determined at Evaluation Center 
Compared with Initial Diagnosis Made in Field and Reported on Form FT-6—Placebo Areas 


Final Diagnosis as Determined at Evaluation Center 
Diagnosis as Paralytic 

2 Spinal Bulbar | Bulbo- Polio 
Paralytic Spinal | Fatality 


68 4 


Table 8b. Distribution of Study Cases by Final Diagnosis Determined at Evaluation Center 
Compared with Initial Diagnosis Made in Field and Reported on Form FT-6—Observed Areas 


Final Diagnosis as Determined at Evaluation Center 


[—Non- ric 
Spinal Fatality 
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Not 
Polio 
- Total Cases 428 88 184 14 PF 29 41 
Non-paralytic 231 71 99 6 10 - 21 24 
Paralytic: 
Spinal 83 4 62 2 10 ~ 1 4 
Bulbar 38 2 6 26 4 
Bulbo-spinal 21 1 4 - 15 a 
Encephalitic 1 1 - - - - - . 
Not specified 27 4 14 - 6 7 1 2 
Suspect: 
Paralytic 1 - - - 1 
Not specified 18 6 2 - - - 5 5 
Not classified 2 - 1 - 1 - - - 
Not Polio 6 1 - 1 4 
— — — — — 
Diagnosis as 
Reported on FT-6 | | 
Total Cases 585 90 250 25 129 ll 44 36 
Non-paralytic 281 77 119 10 20 . 32 23 
Paralytic: 
Spinal 134 6 90 3 27 - a + 
Bulbar 67 1 3 ll 46 6 - - 
Bulbo-spinal 35 - 3 1 23 5 2 1 
Encephalitic 5 2 - 2 - 1 
Not specified 36 2 25 - 4 - ° ~ 
Suspect: 
Paralytic - - - - - - - - 
‘ Not specified 17 2 5 - 2 - 5 3 
Not classified 4 3 > 1 
Not Polio 6 2 - - - - © 4 


Table 9a. Vaccination Status of Paralytic Spinal and Bulbo-spinal Study Cases Classified by Extent of Paralysis 
as Measured by Both the 10-20 Day and 50-70 Day Muscle Examinations - Placebo Areas 
Type and Extent of Muscular Involvement 
Based on 10-20 Day Muscle Examination ot Based on 50-70 Day Muscle Examination 


Bulbo- | Combined Spinal] Bulbo-| Combined Spinal 
spinal | and Bulbo-spinal spinal 
Total Zero Zero with Score Zero 


Score | score 1-19] 20+] Unk. Score 


Total 57 101 
Vaccinated 8 
Placebo 22 «(44 8 
Not Inoculated 27 #46 10 


Ratio Placebo 
Cases Vaccine 2.7 4.0 4.0 17.0 


* One additional case had spinal paralytic polio with zero score on both examinations but who received only two 
inoculations of vaccine. 


Table 9b. Vaccination Status of Paralytic Spinal and Bulbo-spinal Study Cases Classified by Extent of Paralysis 
as Measured by Both the 10-20 Day and 50-70 Day Muscle Examinations - Observed Areas 


Type and Extent of Muscular Involvement 
Based on 10-20 Day Muscle Examination Based on 50-70 Day Muscle Examination 
Bulbo- | Combined Spinal Combined Spinal 
spinal | and Bulbo-spinal and Bulbo- spinal 
Zero | with Score 
Score 1-19] 20+] Unk. 


Vaccinated 
Control 
2nd Grade 
Not Inoculated 41 


Vaccinated 
x factor** 115 16 56 59 


Ratio Control 
Cases Vaccine 2.6 3.2 1.5 0.8 1.9 6.9 3.7 3.6 1.7 1.7 3.2 3/0 


* Four paralytic cases with zero score on second examination were incompletely vaccinated and are not shown in 


this table. 
** Since control population in Ist and 3rd grades was 3.28 times as large as the population of completely vaccinated 
children, the number of cases in vaccinates is multiplied by this factor in order to put them on a comparable 


population base. 


38 
[2-197 20+ 
115 14 41 
~ 
Total* 375 301 14 19 83 165 34 375 247 128 «359 «0% «(Os 
20 2992S 200 9 #4343 6 3 


the first examination with that based on the second, 
or 50-70 day, examination indicates that use of the 
residual paralysis as a measure of severity tends 

to accentuate the difference in the poliomyelitis at- 
tack rate between vaccinated and control individuals. 
This, with most of the other data presented pre- 
viously, indicates that the frequency of severe paraly- 
sis is less common in the vaccinated group. 


The improvement occurring in the interval of 
two months, tends to reduce the number of cases 
with well marked impairment. This trend might 
suggest that loss of demonstrable impairment has 
occurred in a larger proportion of the vaccinated 
than in those cases receiving placebo. 


It may merely mean, however, that as the 
complicating pain and spasm of the earlier stage of 
illness disappears, a larger proportion of cases with 
significant earlier scores now congregate in the zero 
score category. This shift is most noticeable in the 
patients with less extensive muscle involvement, 
those with high scores remaining at that level on 
both examinations. 


In the observed control areas, Table 9b, a 
similar shift in improvement is noted, but the varia- 
tion between the findings of the first and second ex- 
aminations is less marked. In all of these data, 
however, is the indication that, at any stage, the 
preventive effect of vaccine is more distinct as the 
severity of the disease increases. 


Reference has been made repeatedly to the 
complete comparability in all the general character- 
istics, (i.e. numbers, school, grade, age, sex, race, 
social economic status, antibody levels, etc.) of the 
populations receiving vaccine and placebo. 


There has been complete acceptance of the fact 
that the comparison between these groups represents 
the actual control study and that the uninoculated pop- 
ulation cannot be considered an additional control. 
Nevertheless, so that any desired comparisons may 
be made, the number of cases in uninoculated persons 
has been included in most of the tables without further 
discussion, although there are many interesting facets 
for subsequent consideration. One may, in general, say 
that the non-inoculated second graders of the observed 
areas and the uninoculated part of the placebo areas 
have a frequency of involvement which lies between the 
vaccinated and established controls. This was antici- 
pated from differences in their characteristics demon- 
strated by survey. 


The same applies to the observed contro] study 
areas where many will be tempted to make aggrega- 


tions other than those established for the study. These 
data have been presented in a number of places in the 
report so that those who desire may do so. 


The comparability of the vaccinated and placebo 
control populations in the placebo study areas provided 
data, therefore, for consideration of the effect of 
vaccine on an age-specific basis. 


The detailed data on the number of cases and the 
attack rates by clinical classification and year of age 
for vaccinated and control populations in both the pla- 
cebo control and observed control areas are presented 
in the appendix. The essential findings, illustrated in 
the following charts, serve to confirm for both types 
of study on an age specific basis, the conclusions al- 
ready reached in the preceding discussion; namely, 
that against paralytic poliomyelitis, vaccination had 
a preventive effect. With illness classified as non- 
paralytic poliomyelitis, no effect was observed. 


The protective effect with respect to paralytic 
poliomyelitis is significant for each year of age 
except in the 6 year olds, where based on 16 
and 23 paralytic cases, the attack rates are 37 and 
53 per 100,000 population in vaccinated and placebo 
controls respectively. The comparable rates for the 
7 year old children were 16 and 69 per 100,000 and 
for the 8 year olds, 7 and 53 per 100,000 for the test 
and control groups respectively. The apparently high 
rate in placebo control children under 6 years of age 
is fictitious, since it is based on a single case in this 
group compared with no cases in the small group of 
vaccinated children in this age group. Thus there 
appears to be progressive increase in the protective 
effect as age increases. Since the difference in 
attack rate between vaccinated and control 6 year 
olds is not statistically significant a question might 
be raised as to how and why this group differed from 
the older children. 


A review of the results of serologic study of pre- 
and post-vaccination sera from 6 year old children in 
placebo control areas indicates that these children do 
not differ strikingly trom 7 or 8 year olds. Of 292 six 
year old vaccinated children studied from these areas, 
69 or 23.6 percent had no antibodies to any type in the 
prevaccinal blood sample. For the 7 year olds the 
figures are 150 of 649 or 23.2%; the 8 year olds 124 
of 644 or 19.3% and the 9 year olds 58 of 328 or 17.7%. 
The proportion of the pre-vaccine sera from children 
given placebo that showed no antibodies to any type 
were 27.5%, 25.4%, 22.6% and 17.5% for these same 
years of age. Thus, the initial proportion of children 
without antibody did not differ strikingly, at least in 
the 6 and 7 year old children. 


The antigenic response exhibited by 6 year old 
children following vaccination, likewise, did not differ 
from that of the 7 year olds, as indicated by the follow- 
ing table: 


INCIDENCE RATES FOR NON-PARALYTIC 
CASES BY AGE AND BY VACCINATION 


STATUS- PLACEBO AREAS INCIDENCE RATES FOR PARALYTIC CASES BY AGE 
AND BY VACCINATION STATUS - PLACEBO AREAS 


AGE 
VACCINATED CASES = 


PLACEBO CASES 


INCIDENCE RATES FOR NON-PARALYTIC INCIDENCE RATES FOR PARALYTIC CASES 
CASES BY AGE AND BY VACCINATION BY AGE AND BY VACCINATION STATUS 
STATUS-OBSERVED AREAS -OBSERVED AREAS 


J 
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\ 
TOTAL 
UNDER Six 
six 
SEVEN 
SEVEN all 
EIGHT 
TENASOVER 
TENSOVER 
CASE RATE PER 100,000 
AGE AGE 
TOTAL TOTAL 
UNDER $1x UNDER Six 
Six six 
SEVEN SEVEN 
EIGHT EIGHT 
NINE 
TENS OVER TENAOVER 
| i6 32°36 40 44 
| CASE RATE PER 100,000 CASE RATE PER 100,000 ° 
| 


Titer of Type specific antibody in post-vaccination 
sera from 6 and 7 year old children who had no 
antibody to any type before vaccination 


Placebo Control Areas 


Percent having indicated anti- 

Total 
Age Type 
Sera <4 64 256 1024 


7 3 
19 «610 


6 Yrs. 72 


6 
4 
7 
9 


Thus, the 6 and 7 year old children did not differ 


significantly, on the basis of serologic evidence. A re- 


view of the clinical and laboratory evidence upon which 
diagnosis was based in these 6 year old cases does not 


show them to differ from cases in other study children. 


Their distribution by extent of muscle involvement was 
as follows: 


Paralytic 
Non- 


Zero 1-19 20+ Paral 
ytic 
5 
9 


Vaccine 4 
Placebo 6 


When attention is directed toward cases in 
this age in which poliomyelitis virus was isolated the 
following distribution is observed: 


The data available are inadequate to allow fur- 
ther speculation as to the protective effect of vaccina- 
tion in 6-year old children, In observed areas there 
were only 1963 vaccinated 6-year old children and no 
cases developed in this group so that this experience 
is of little value in assessing the problem. 


body in post-vaccination serum 


Not 
Polio 


Review of Deaths in the 


Several mechanisms were devised to keep 
track of the deaths from all causes in members of 
the study population. Each study area was asked to 
report weekly to the Evaluation Center deaths from 
all causes in children aged 6 - 9 years that had oc- 
curred during that week. The initial report was to 
include a cumulative listing of deaths from the be- 
ginning of the year through May 1. It was emphasized 
that deaths from significant causes, where the ques- 
tion of relation of illness to vaccination might arise, 
be investigated even more thoroughly, with autopsy 
and expert laboratory assistance. The Evaluation 
Center was to be informed immediately Fy telephone 
so that a team of experts might be brought in, if nec- 
essary. 


These matters were reemphasized repeatedly 
thronghout the study period and a careful record of 
all reports from the field was kept. Despite these 
efforts, however, the reporting of deaths from all 
causes was inadequate as measured by death rates 
in this age group for recent years in the United States 
as a whole. At the end of 1954, systematic efforts 
were made to have each study area review all deaths 
which had occurred in the age group 6 - 9 years in 
the area, in an attempt to identify those in study chil- 
dren. As of the present time, a total of only 440 
deaths, occurring during the period May 1 - Dec. 31, 
1954 in children of this age group in study areas has 
been brought to the attention of the Evaluation Center 
through submission of death certificates or other no- 
tification. Essentially all of these deaths are in study 
children and review of the cause of death indicates 
that the distribution by cause does not differ signifi- 
cantly from that in the res« of the United States for 


this same age group. 


The proportion of these deaths in the leading 
categories is presented as follows, with the percent 
in parenthesis indicating the proportion of deaths in 
these same diagnostic categories for the age group 
5 - 9 years in the United States in 1952. 


36%, 
15% 


Accidents 

Cancer 
Pneumonia 

Heart Disease 
Poliomyelitis 
Nephritis 
Congenital Defect 


The expected total number of deaths in the 
study population was 706 based on the data for this 
age group in the United States as a whole. This sug- 
gests, that despite the efforts to obtain complete re- 
porting, major deficiencies still exist. 


In placebo control areas, where the reporting 
of deaths to the Evaluation Center could not have been 
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7Yrs. 152 I 4 4 23 11 3 
nm 41 £9 22 18 3 
ul 20 17 25 23 5 

Paralytic Non-Paralytic 

Type of Virus Type of Virus (12%) 

9% ( 6%) 

I ™% ( 4%) 

5% ( 7%) 

Vaccine 4 Oo 0 o oO 0 2% ( 3%) 

Placebo 2 0 2% ( 
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influenced by knowledge of the vaccination status of 
the child, there were six deaths due to causes other 
than poliomyelitis which have some interest because 
of their involvement of the central nervous system, 
the kidney or the liver. These are listed below by 
cause and date of death and type of inoculation. 


Cause of Death Date Type of Inoculation 


1) Uremia, acute nephritis 6/3 Placebo 1 injection 
2) Acute encephalitis 5/18 Vaccine 2 injections 
3) Meningoencephalitis 5/23 None 
4) Meningitis 10/24 None 
5) Meningitis 12/ ? None 


6) Acute yellow 
the liver 12/13 Placebo 3 injections 


The one death listed above in a vaccinated child 
from Iowa (No. 1102-01) was considered on the death 
certificate to have died from chicken pox encephalitis. 
He received injections of vaccine on 4/30 and 5/7. 

On 5/10 he developed a rash characteristic of chick- 
en pox. He became lethargic on 5/13 improved tem- 
porarily only to start vomiting and became comatose 
on 5/17 the day before death. Lumbar puncture 
showed only 3 WBC per cu. mm. in the spinal fluid. 
Autopsy performed after embalming, revealed evi- 
dense of hepatitis and terminal hemorrhagic pneu- 
monia. Histologic examination of the central nervous 
system showed no abnormality. Brain, lung, liver 
and other tissue specimens removed at that time, but 
unfortunately placed temporarily in formalin, were 
submitted to the University of Kansas Medical Center 
for attempts to isolate virus. Suspensions of 14 such 
specimens were tested for virus in monkey kidney 
tissue culture, No virus was recovered. Certainly 
the etiology of this bizarre illness is not clear. It 
would seem likely that the relationship to vaccination 
is merely coincidental. 


The death (No. 4102-02) from acute nephritis 
in a child who received a single injection of placebo 
on 4/27 was preceded by an upper respiratory infec- 
tion which had onset 4/19 and which was treated with 
one injection of penicillin. On 5/3 the child devel- 
oped edema of the face and general anasarca with 
marked hematuria and uremia. She became progres- 
sively worse and died on 6/3. Autopsy confirmed the 
presence of nephritis. Blood obtained postmortem 
contained no antibodies to any type of poliomyelitis. 


In observed control areas, a similar review 
of deaths in study children was undertaken. In no 
instance was evidence uncovered of clear cut asso- 
ciation with vaccination, All these deaths seemed 
to be explained adequately on other grounds. Pre- 
sented below are brief summaries of the clinical 
and pathological findings in these cases. 


1. Case 0403-24 from Denver, Colorado while 
vacationing in the mountains became ill with fever 
and headache 5 days after receiving her third dose 
of vaccine (Lot 303). That evening she became com- 
atose and was dead on arrival at the hospital. Au- 
topsy demonstrated the existence of congenital heart 
disease (patent ductus arteriosus and patent foramen 
ovale), with hypertrophy of the right chambers of the 
heart and hemorrhagic pulmonary edema as sequelae. 
Coccidioidomycosis of the lower lobe of the right lung 
was also found. Gross and microscopic examination 
of the central nervous system showed no abnormality. 
It seems likely that the child died of acute heart fail- 
ure, secondary to her activities while on 
vacation at a high altitude. 


2. Case 1006-05 from South Bend, Indiana be- 
came ill on 6/22,eighteen days after receiving her 
third inoculation of vaccine (Lot 305 and 307). 

The child gave a history of prior kidney infection. 
The course was rapidly down hill with persistent 
vomiting, abdominal pain, ascites, uremia and respir- 
atory failure. Post mortem examination demon- 
strated the presence of acute pyelonephritis, staphy- 
lococcal septicemia, secondary to this bronchopneu- 
monia, and ascites. Gross and microscopic exam- 
ination of the central nervous system showed no ab- 
normalities suggestive of poliomyelitis. No virus 
was recovered from the stool and portions of the 
brain and cord. 


3. Case 1801-04 from Jackson, Mississippi de- 
veloped severe headache and projectile vomiting on 
5/29. He had received two inoculations of vaccine 
(Lot 305) on 4/28 and 5/5. He progressed downhill 
rapidly with frequent convulsions and died on 5/30. 
Lumbar puncture demonstrated spinal fluid contain- 
ing 146 white cells/cu. mm. The history of the child 
indicated that in June 1953 he fractured two cervical 
vertebrae. He was put in traction for many months 
and the neck brace was not removed until May 1954 
shortly before the final illness. Apparently there 
had been complete healing of the bone, without neu- 
rologic, muscular or bony defects. Autopsy re- 
vealed cerebral edema, focal, acute subarachnoid 
hemorrhage, over the pons and medulla and focal 
meningitis. No poliomyelitis or other virus could 
be isolated from portions of the brain and cord and 
histologic examination of the brain showed no le- 
sions suggestive of poliomyelitis. 


At least three other fatal illnesses character- 
ized by kidney or central nervous system involve- 
ment were brought to the attention of the Evaluation 
Center, usually reported as poliomyelitis. These 
were later determined through autopsy and virologic 
studies not to be poliomyelitis. Since none of these 
children received injections of either vaccine or 
placebo, the details of their illnesses are not re- 
corded here. 


Review of Massachusetts and Centra) New York 
State Experience 


In the twenty-five township study areas of 
Massachusetts and in six central New York State 
counties the occurrence of a clinical disease simu- 
lating poliomyelitis served to complicate vaccine 
evaluation. For this reason further details are 
presented here of the experience in each of these 
districts, which suggest strongly that few of the 
illnesses encountered there were poliomyelitis as 
currently defined. It was debated as to whether the 
experience from Massachusetts and central New York 
State should be deleted from the combined analyses 
for placebo areas. It was deemed best to retain them 
since they represented cases which clinically were 
called poliomyelitis, and the number falling into criti- 
cal categories appeared to be so small as not to in- 
fluence seriously the more significant analyses. 


Massachusetts: The total study population of 
Massachusetts included 14,173 completely vaccinated 
children, 14,137 who received a complete series of 
placebo inoculations and 17, 565 who were not inoc- 
ulated. 


A total of 44 illnesses reported as polio- 
myelitis occurred during the period June 26 - Decem- 
ber 31, 1954 in this population. Clinically these ill- 
nesses resembled poliomyelitis with fever, stiff neck 
and back, There was an increase in cells in the spinal 
fluid of all but three of these patients. Based on the 
initial investigation 38 of the 44, or 86 percent, were 
reported as non-paralytic. More refined study with 
muscle gradings at 10-20 and 50-70 days after onset 
resulted in classification of the reported cases as 
follows: 


Non-paralytic 
Paralytic-spinal 


Grade I 1 
Grade 1 
Grade II 
Grade IV 
Grade I 
Grade II 
Not Polio 6 


Paralytic-Bulbo-spinal 


It will be recalled, however, that the classifi- 
cation paralytic grade I refers to patients without 
muscle score and grade II with scores up to 20. 
Scores of this magnitude may represent only a small 
scattering of muscle involvement at the fair level. 
Furthermore, the physical therapist’s pattern of 
grading in Massachusetts seems to have led to the 
classification of a number of cases (using the estab- 
lished criteria) as grade II paralytic when in other 
areas these might have been called grade I. Even then 
their severity distribution was less than that in the 
total placebo controls (Table 3a) although quite simi- 
lar to that in observed controls (3b). Thus, the bulk 
of disease seen in the study areas of Massachusetts 
was mild clinically and without extensive paralysis. 
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The laboratory study by Dr. Enders and his 
associates of stool specimens from 43 of these pa- 
tients and paired bloods from 25 served to confirm 
the suspicion that very few of the illnesses were in- 
deed poliomyelitis. Type Ill poliomyelitis virus was 
recovered from three patients and these represented 
the only isolations. It is interesting to note that two 
of these patients were the only ones classified as 
paralytic grade IV and one was bulbo-spinal with a 
score of 28. 


Of the remaining 40 cases where stool was ex- 
amined so-called orphan, unidentified viruses were 
recovered from 31. Nine stools were negative. The 
significance of these orphan viruses as etiologic agents 
of the clinical disease in question is undetermined. 
Based on study of paired sera the poliomyelitis anti- 
bodies in those patients from whom orphan viruses 
were recovered fall into the following categories: 


Antibody to 1 - Serologically positive - 
one type only Type I - 4/1024 
6 - Possible polio 
3 had high titers to only Type I 
3 had high titers to only Type I 


Antibody to 
several types 8 - Indeterminate 
No antibodies 

to any type 


Specimens not 
tested or in- 
adequate 13 


The distribution of the reported cases in vac- 
cinated and placebo groups is as follows: 


Vaccine Placebo 


Paralytic 

Non-Paralytic 

Not Polio 

Cases With Virus Isolated 


Central New York State: In the six counties of 
central New York State (Cayuga, Jefferson, Oneida, 
Onondaga, Oswego and Tompkins) the poliomyelitis 
experience was very similar to that of Massachusetts. 
The disease in a few other New York study areas 
showed similar characteristics, but discussion here 
is limited to the six counties mentioned since the ex- 
amination of stool and blood samples from patients in 
these areas was all done in one laboratory. The dis- 
cussion below follows the same pattern as was pre- 
sented for the data from Massachusetts. 


The total study population of these areas in- 
cluded 16,223 vac ‘nated children; 16,143 who re- 
ceived placebo; and 20,826 not inoculated. 
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A total of 60 cases of poliomyelitis was reported 
during the period June 20 to December 31, 1954. The 
seasonal pattern of these illnesses as in Massachu- 
setts did not differ from that of the total poliomyelitis 
case experience. A plateau of incidence occurred be- 


tween the week of August 7 and September 20. A sec- 
ondary peak occurred in early October, just as was 
true of reported poliomyelitis elsewhere in the United 
States. The secondary attack rate was far higher 
than that observed in clinical poliomyelitis. Occa- 
sionally four cases were reported from the same 
family. 


Clinically, these illnesses were similar to 
those seen in Massachusetts. Spinal fluid examination 
was not done in 7 and was negative in 8. Only seven 
cases (12 percent) would be classified as paralytic 
based on initial investigation. With the aid of other 
clinical data and muscle examinations carried out at 
10-20 and 50-70 days after onset the following more 
detailed classification is possible. The.shift as com- 
pared with the Massachusetts experience of cases 
from grade II paralytic into the categories non- 
paralytic and gradelI paralytic may be accounted 
for on the basis of variation in interpretation of the 
two physical therapists making these examinations. 


Non-Paralytic 
Paralytic 
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Grade 
Grade 
Grade 
Grade 
Grade 
Grade 
Grade 


Bulbo-Spinal 


w 


Not Polio 


The laboratory studies carried out by Dr. 
Seymour Kalter and his staff included the examina- 
tion of stool from 46 and paired bloods from 50 of 
these patients. Type 1 poliomyelitis virus was re- 
covered from 8 patients and Type III from one. So- 
called orphan viruses were recovered from 29 and 
the remaining 8 were stool negative. The serologic 
findings in patients with poliomyelitis virus in the 
stool were not uniformly consistent. In two, a 4- 
fold or greater rise in homologous antibody was 
observed. In one, observed homologous antibody 
alone was shown without rise. In two, a 4-fold or 
greater rise was observed to more than one type. In 
two, a 4-fold or greater rise occurred to a hetero- 
logous type but not to the type of virus reported from 
the patient. In one, a 4-fold rise was observed. In 
two no poliomyelitis antibodies to any type were found 
and in one the serologic changes were irregularly up 
and down. 


The serologic findings with poliomyelitis virus 
in the patients found to have "orphan" viruses in the 
stool were equally difficult to interpret. They fall 
into the following categories: 


Four-fold rise to type I 
Antibody present to a single type 


No antibudy or present at low 
level only 


Antibody to several types 6 
Not tested 3 


One is confronted with the question of whether 
these agents are at times coincidental with poliomye- 
litis virus infection as is true of Coxsackie viruses, 
and whether their presence excludes the case from 
consideration as poliomyelitis. There is information 
from the laboratories that some of the agents origi- 
nally listed as orphans have by subsequent work been 
shown to be mixtures with specific poliomyelitis virus. 


The distribution of these reported cases in vac- 
cinated and placebo groups is as follows: 


Vaccine Placebo 
Paralytic 6 8 
Non-Paralytic 8 
Not Poiio 4 3 
Cases With Virus Isolated 2 1 
Further clinical, epidemiological and labora- 
tory study of this disease is needed to define its 
limits and establish its identity and etiology. It 
seems clear, however, that it was not classical 


poliomyelitis associated with currently recognized 
types of virus. 


Present information indicates that they are 
not Coxsackie viruses. Whether they represent an- 
other serologic type of poliomyelitis or whether the 
illness is merely another syndrome which can be 
confused with mild poliomyelitis is to be learned. 

It is, however, of interest that a relatively high 
percentage of patients have high levels of antibody 
to more than one type of poliomyelitis virus. 


Field Trials in Canada and Finland 


Because of the production schedule of vaccine 
during the Spring of 1954, sizeable quantities of vac- 
cine became available after the first and second inoc- 
ulations had been administered in the study areas of 
the United States. It was therefore considered fea- 
sibie to extend the trial to other areas and accord- 
ingly the Provinces of Canada were invited to partici- 
pate. Three areas expressed interest in undertaking 
studies using placebo controls, according to the estab- 
lished plan. In similar fashion, Finland was enrolled 
in the study, because epidemiological considerations 
suggested strongly that a major epidemic of poliomye- 
litis might be anticipated. The unique characteristics 


of each study plan are presented below, followed by 

a summary of the poliomyelitis experience in these 
areas, which have been combined because the same 
lot of vaccine (No, 513) was utilized in all these areas 
and the total number of cases of poliomyelitis in the 
test and control groups was small. 


1. Province of Manitoba. The study design in 
Manitoba followed exactly that used in placebo con- 
trol areas of the United States although only portions 
of the Province participated. Initial clinics were 
held June 15, and it was necessary to complete the 
clinics after schools were closed for the summer. 
Approximately 63 percent of children in grades 1, 2 
and 3, were inoculated: 


complete series of vaccine 2973 
complete series of placebo 2839 
not inoculated 3961 


2. Halifax, Nova Scotia. The city of Halifax 
participated in similar fashion, except that the kinder - 
garten was substituted for the third grade. This was 
done, because in that area the poliomyelitis attack 
rate is distinctly higher in five year old children. 
First clinics were held on June 1 and 58 percent of 
the children in these grades were inoculated: 


1432 
1433 
2179 


3. Province of Alberta, In Alberta the Pro- 
vincial Health authorities found it necessary to offer 
the opportunity of participation to each of the approxi- 
mately forty health districts. Since the amount of vac- 
cine available was sufficient for only about one fourth 
of the children in grades 1, 2 and 3 of the twenty eight 
districts which signified interest in enrolling in the 
study, each district medical officer of health was 
given the responsibility of selecting those schools to 
be included. In some of the areas the names of only 
the inoculated children were entered on the Regis- 


tration Schedule. First clinics were held on June 6 
and in the schools selected for study, 66 percent of 
the children were inoculated: 

complete series of vaccine 8051 

complete series of placebo 8048 

not inoculated 8836 


4. Helsinki - Finland. In the city of Helsinki 
and the surrounding county, the plan of study had to 
be modified since schools were closed for the summer 
long before the first clinic was held. It was decided 
to offer inoculations to any interested children in the 
age groups five through fourteen years. The adminis- 
trative problems of this plan necessitated a change 
in the established procedure of differentiating vaccine 
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and placebo material. The code was simplified so as 
to refer to one of these substances as "AA" and the 
other "BB". A total of 20,147 children was inoc- 
ulated. They were distributed by age as follows: 


Under 6 years 3911 
6 2874 
7 3045 
8 3107 
9 2042 
10 or more 5134 
Age unknown 34 


First clinics were held on about July 1. Those 
receiving the complete series of vaccine totaled 9482 
compared to 9309 who received the complete series 
of placebo inoculations. 


Cccurrence of Poliomyelitis in Vaccinated and 
Placebo Control Groups: Evaluation of the prophy - 


lactic effect of vaccine was severely limited by the 
small number of cases occurring in these study popu- 
lations. These numbers are reduced still further 
when attention is limited to cases with onset two weeks 
or more after the third series of vaccination clinics. 
Even though Finland during 1954 experienced its larg- 
est poliomyelitis epidemic (a total of 790 cases re- 
ported with 603 designated paralytic) only 13 occurred 
in inoculated children. Of these, 4 received an incom- 
plete series of inoculations and only 7 of those given 
the complete series had onset more than two weeks 
after the third clinics were held. The distribution of 
these cases for Canada and Finland combined by diag- 
nostic category and by vaccination status, is presented 
in the following table (cases occurring in non-inoculated 
and partially inoculated children are n t listed). 


Although the number of cases involved is 
small, the attack rate per 100, 000 population in 
vaccinated is significantly lower than that in placebo 
control children (P =0,035) when the Canadian and 
Finnish experience is combined and consideration 
limited to cases of paralytic spinal poliomyelitis 
with a score, plus any other cases from whom 
poliomyelitis virus was isolated. This subclas- 
sification represents an attempt to select those 
illnesses which are rather firmly established as 
due to poliomyelitis virus. The two cases in this 
subclassification with onset prior to two weeks fo! ~ 
lowing clinic 3, both received three inoculations of 
placebo and had onset of symptoms on 7/25 and 8/7 
respectively, some days after their third inoculation. 
It may be considered justifiable, therefore, to make 
the comparison between seven cases in the placebo 
control group and the one case in a vaccinated child. 


Pre- and post.-vaccinal bloods obtained in the 
three Canadian areas have been studied for evidence 
of antigenic response following use of vaccine lot 
No. 513. The response was moderately good, al- 
though relatively less to Type I. It should be re- 
called that Type I virus was the only type recovered 
from study cases in Canada and Finland. 


Poliomyelitis Study Cases by Diagnostic Class and Vaccination Status, 
for the Study Areas of Canada and Finland 


Canada 


All Reported Cases 
With Onset From Date of 
Clinic No, 1 to December 31 


Cases With Onset 
More Than Two Weeks After 
Clinic No. 3 to December 31 


Vaccinated | Placebo 


Vaccinated | Placebo 


Population 
Paralytic 
Spinal - Zero Score 
Spinal - 1+ Score 
Bulbar and Bulbo-Spinal 
Non Paralytic 
Not Polio 
Total 


12, 456 12, 320 


1* 
1* 
1* 
2 
2 
7 


12, 456 12, 320 


1* 
1* 


Total Population 
Total Cases 


Paralytic With Score +Other cases 


With Virus Isolated 


Attack Rate/Per 100,000 
Population 


*Type I Virus Isolated. 


P 
46 
3 2 | 
0 0 
0 0 0 
1 0 2 
2 2 1 
6 4 5 
Finland 
Population 9, 482 9,309 9,482 9,309 
Paralytic 
Spinal - Zero Score 1 0 1 0 
Spinal - 1+ Score 1 2 1 2 
Bulbar and Bulbo-Spinal 0 2° 0 1* 
Non-Paralytic 2 0 1 0 
. Not Polio 0 1 0 1 
Total 4 5 3 4 
Canada and Finland Combined 
21,938 21,629 21,938 21,629 
10 12 7 9 
Pe 1 7 1 5 


Study of Family Associates of Poliomyelitis Cases 


In addition to the investigation of cases of 
poliomyelitis in stuly children, the field trial in- 
cluded the study of all other reported cases of 
poliomyelitis in the trial areas, when a study child 
resided in the fami:y. These cases were subjected 
to clinical and epidemiological review, but for the 
most part the standard physical therapist examina- 
tions and laboratory study of stool and blood samples 
were not done. This ancillary project had as its ob- 
jective the determiration and comparison of the sec- 
ondary poliomyelitis attack rate in vaccinated versus 
control study children, who were exposed to the 
disease in the household. As part of this phase of 
the field trial, a number of the participating labora- 
tories, with the help of the local health departments 
involved, carried on extensive study of all members 
of these families, with attempts to isolate virus and 
measure poliomyelitis antibody levels in this popu- 
lation. These observations are not included as a 
part of this report except where they assist in achiev- 
ing laboratory confirmation of poliomeylitis infection 
in a study case. Thus, if the study case failed to 
show poliomyelitis virus in the stool, but virus was 
recovered from a family associate, this served as 
additional evidence to confirm the diagnosis. 


Although the mass of accumulated data on 
family associates has not been fully digested as yet, 
a few pertinent observations may be made at this 
time: 


Placebo Control Areas: In placebo control 
areas there were 420 primary index cases in study 
children and 563 primary index cases in other indi- 
viduals, where a study child resided in the house- 
hold. The total population of these households in- 
cluded 5348 persons. When attention is narrowed 
to the study children (1177) in this entire experience, 
who were exposed to a reported case of poliomye- 
litis in the household, the following observations 
become apparent, after the 420 index cases in study 
children are deleted: 


Total Vaccinated Placebo 


Study Children Exposed 
to Case in Household 477 233 244 


Secondary Cases of Polio 

with Virus Isolated, Occur- 

ing During 1 Month After 
Onset of Index Case 9 


Secondary Attack Rate- 
Percent 1.89 


Although these numbers are small, the differ- 
ence in the secondary attack rate between vaccinated 
and placebo inoculated children, based on cases con- 
firmed by virus isolation, is statistically significant. 
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The probability of having a divergence this great or 
greater (in the same direction) approximates 0.022. 


Review of the diagnostic classification of these 
nine secondary cases indicates that the one case oc- 
curring in a vaccinated child was paralytic, grade II 
with Type | virus recovered. From the eight remain- 
ing cases, occurring in children receiving placebo, 
Type I virus was recovered from five and Type III 
from three. Only one of these illnesses was non- 
paralytic, the balance being classified as follows: 


Thus, in this situation, which approximates an 
experimental model, a sharp difference in attack 
rate is observed between those given vaccine and 
those given placebo. The one apparent failure of 
vaccine to protect (Type I virus recovered) oc- 
curred in Utah where the lot of vaccine used, 
produced significant antibodies to Type III only. 


Observed Controi Areas: The same type of 
family investigation was carried out in the observed 
control areas. However, it is possible that case re- 
porting in non-inoculated lst and 3rd grade family 
asscciates of index cases was not as complete as 
was the situation in vaccinated children. Certainly, 
since the mother, the physician, and the health officer 
all knew who was vaccinated, the possibility of un- 
conscious bias in diagnosis existed. Furthermore, 
the clinical and laboratory follow-up of the second- 
ary cases was not so complete as in placebo areas. 
This consideration plus the complexities of lots of 
vaccine used, make comparison hazardous. 


Despite these inadequacies, however, the data 
are presented below for consideration. A total of 
1712 study children were exposed to a case of polio- 
myelitis in the household. Of these, 635 represent 
primary index cases. Of the balance, after these 
cases are deducted, 251 were vaccinated and 683 
were non-vaccinated study children who were mem- 
bers of the Ist or 3rd grade. The secondary attack 
rates during the month after onset of the index case 


are as follows: 
Control 


Vaccinated Ist & 3rd grade 


Study Children Exposed 
to Case in Household 


Total Reported Cases 
Secondary Attack Rate-% 

Cases with Virus Isolated 
Secondary Attack Rate-% 


|. 
Paralytic Grade I- 2 
Grade Il-1 
Grade Ill - 2 . 
Grade IV - 1 : 
Grade V-1 
43 3.28 5 14 
2.0 2.0 
1 6 
0.4 0.9 


These data are subject to the limitations mentioned 
above and do not show a statistically significant 
difference between the secondary attack rate in 
vaccinated compared with unvaccinated control 
children. These findings do not, however, invali- 
date the more complete and unbiased observations 
made in placebo control areas. 


Administration of Gamma Globulin to Members of 
the Study Population, May 1, to December 31, 1954 


Although it was urged that gamma globulin not 
be administered to children in the Study Population 
except for occasional clear cut indications such as 
in the prophylaxis of measles and hepatitis, it was 
realized that some record should be kept of its use. 
Each study area was requested to collect informa- 
tion currently on this matter and report to the Eval- 
uation Center at the end of the year identifying the 
Study child, the date gamma globulin was adminis- 
tered ard for what purpose. For the placebo control 
areas nearly equal numbers of vaccinated and pla- 
cebo inoculated children received gamma giobulin, 
0.9% and 1.1% respectively. Half of the gamma 
globulin used was for associates of poliomyelitis, 

a third for measles prophylaxis given largely during 
May, June and July and the balance for infectious 


hepatitis, scattered the summer. There 
was no group use of the material for poliomyelitis 
prophylaxis. 


In similar fashion for observed control areas 
0.4% of vaccinated children were reported to have 
received gamma globulin during the study period 
compared to 0.4% of the control children. In con- 
trast to the experience in the placebo control areas 
the great bulk of the gamma globulin administered 
was in terms of group prophylaxis for poliomye- 
litis (49.6% of all gamma globulin used). Practi- 
cally all of that given to vaccinated children was 
administered in October. It is interesting that a 
similar percentage of vaccinated and non-vaccinated 
children were reported to have received gamma 
globulin group prophylaxis (0.2%). On the other 
hand the use of gamma globulin in contacts of polio- 
myelitis cases was much more frequent in non- 
vaccinated than in vaccinated children, 0.2% com- 
pared to 0.08%. 


Obviously, no matter what one believes about 
the effectiveness of gamma globulin in preventing 
poliomyelitis the total use of this material and its 
equal distribution in vaccinated and non- vaccinated 
children indicates that it did not interfere with 
proper evaluation of the effectiveness of vaccine. 


Chapter Il 


SUMMARY OF ESTIMATES 
OF EFFECTIVENESS OF VACCINE 


In an effort to give summary expression to the 
differences observed between the incidence of polio- 
myelitis in vaccinated and control subjects through the 
diffe: ent stages of analysis which have been presented 
the accompanying table was compiled. It is arranged 
in four stages of analysis which sought progressively 
to eliminate certain cases which might be considered 
less conclusively established as poliomyelitis. Tests 
for significance of the differences between the test 
groups are attached and estimates of the effectiveness 
of vaccine as measured in the successive stages were 
computed by use of the binomial theory as described 
in the appendix. 


As a first step, the data comprising the total 
cases reported, total cases of poliomyeliiis, total non- 
paralytic, and total paralytic in both placebo and ob- 
served control areas were subjected to this examin- 
ation. Through these stages of purification there is a 
progressive increase in the percentage of effectiveness 
displayed. There was no significant difference in the 
non-paralytic cases and any estimate of possible effect 
on their rate of occurrence was unreliable. When they 
and the cases considered not to ve poliomyelitis are 
removed so that paralytic cases only remain, an esti- 


mate of 72 percent effectiveness was obtained in the 
placebo areas and 62 percent in the observed areas. 


Because the data indicate that the cases classi- 
fied as bulbo- spinal paralytic are somewhat more 
definite clinically and yield a higher percentage of 
virus recoveries, the second stage was to separate 
the spinal paralytic cases from the bulbo-spinal. The 
number of pure bulbar cases was too small to work 
with properly. In piacebo areas effectiveness calcu- 
lated against spinal paralytic cases was 60 percent 
with a lower limit of 39 percent; against the bulbo- 
spinal patients it was 94 percent with a lower limit 
of 81 percent—an extremely successful effect. In 
observed areas the calculated effectiveness was 
about the same against the spinal cases but only 
50 percent and a lower limit of 19, in the bulbo-spinal 
group. These variations emphasize the influence of 
small numbers in addition to any differences in sever- 
ity of risk among placebo and observed study popula- 
tions. 


Because the group classified as paralytic polio- 
myelitis, especially in the mild grades, may contain 
cases which are not related to poliomyelitis virus, 


the next tests were conducted with cases which had 
been demonstrated by laboratory studies to have under- 
gone infection with poliomyelitis virus. They repre- 
sented a higher degree of confidence in diagnosis. The 
cases were again divided into spinal and bulbo- spinal 
groups. The effectiveness of vaccine measured against 
the incidence of spinal-paralytic cases was the same 
in placebo and observed areas, 82 and 83 percent 
respectively, and the corresponding lower limits of 
estimated effect were 65 and 64, respectively. En- 
forcement of laboratory criteria apparently eliminated 
a substantial number of cases which were less influ- 
enced by vaccination and in reality, may contain cases 
which are not poliomyelitis. As in the preceding an- 
alysis, the effectiveness measured by bulbo- spinal 
cases in placebo areas was 91 percent but that in ob- 
serves areas was but 60 percent and the significance 
of difference between vaccinated and control groups 
was sharply reduced. 


The next step was to seek a measurement of the 
effectiveness of vaccine in all cases of poliomyelitis 
from whom a specifically identified type of virus was 
recovered. Serologic data alone were not accepted. 
In this manner the effectiveness of vaccine against 
infection with the different types might be evaluated. 
In the placebo areas effectiveness of 68 percent 
against Type I, 100 percent with .05 significance 
against Type II, and 92 percent against Type III were 
demonstrated. This clearly agrees with the previous 
demonstrations that the lots of vaccine were generally 
less effective against disease caused by Type I virus. 
In cases related to identified virus of all three types 
an effectiveness of 80 percent was noted. A measure 
of the effectiveness of different lots of vaccine is not 
included here although definite differences exist. 
These data represent the composite results obtained 
with the various lots of vaccine used in the placebo 
areas. 


In the observed areas the same trend was noted 
with respect to individual types or to the total but, as 
in most of the foregoing data, the calculated effective- 
ness was less than in the placebo areas. 


From these data it is not possible to select a 
single value giving numerical expression in a com- 
plete sense to the effectiveness of vaccine as a total 
experience. If the results from the observed study 
areas are employed the vaccine could be considered 


to have been 60-80 percent effective against paralytic 
poliomyelitis, 60 percent against Type I poliomyz-litis, 
and 70 to 80 percent effective against disease caused 
by Types II and Ill. 

There is, however, greater confidence in tie 


results obtained from the strictly controlled and 
almost identical test populations of the placebo 


study areas. On this basis it may be suggested 
that vaccination was 80-90 percent effective a- 
gainst paralytic poliomyelitis; that it was 60 to 70 
percent effective against disease caused by Type 
I virus and 90 percent cr more effective against 
that of Type II and Type II virus. The estimate 
would be more secure had a larger number of 
cases been available. 


Table 10. Estimates of Effectiveness of Vaccine at Successive Stages of Analysis 


Placebo Study Areas 


Observed Study Areas 


No. of Cases_ | Signif- 


Level 


Percentage No. of C Signi- Percentage 


8 


icance| 
Vacc’dj Controls} Level 


I Total Cases Reported <.001 


Total Poliomyelitis <.001 
All Paralytic <.001 
All Non-Paralytic NS 


II Paralytic-Spinal <.001 
Bulbo- Spinal <.001 


Ill Laboratory 
Spinal <.001 


Bulbo- Spinal <.001 
IV All Virus Positive 


£8 28.888 


<.001 


<.001 68 
<.05 100 
<.001 92 


$ 


439 <.001 


<.001 
330 
61 NS 


<.001 
<.001 


<.001 
<01 


88 


210 <.001 


14 <,.001 
2 
4 62 <.001 


Notes: The difference in distribut‘on of non-paralytic cases is not significant at any stage 


Because of small numbers the bulbar and fatal cases are omitted. 


All fatal cases occured in controls. 


50 
Classification | Source of Data 
| | 
76 | 32 Table 2b. 
56 32 
Tables 5a, b. 
Total 15 70 80 65 «| 20 69 «4656 | Tables 6a, b. | 
Type I 13 39 41 62 33 
mes | > | = 
analysis. 


TREND OF PARALYTIC CASES AMONG VACCINATED 


CHILDREN AND THEIR CONTROL GROUPS 
JUNE 19, 1954 — DECEMBER 31, 1954 


PLACEBO AREAS OBSERVED AREAS 


VACCINE 
EFFECTIVE 


b 


NUMBER OF VACCINATED CASES 


40 
NUMBER OF PLACEBO CASES 


120 120, 
4 
Pid 7 
VACCINE VACCINE 

: & & EFFECTIVE 
2’ 

« 
NUMBER OF CONTROL CASES . 


. 
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(May 4—June 18, 1954) 


quate 


VACCINATION CLINICS (6 weeks) BY CAUSE OF ABSENCE AND INOCULATION STATUS 


- 


— Total 
Total days of absence 


Accident 

Allergy 

Chicken pox 

Cold 

Croup 

Dental Care 

Earache and infection 
Emotional upset 

Eye care and infection 
Foot and leg soreness 


5 
7 
59 
02 
1 
6 
3 


1 
1 


Parasitic infection 


Pediculosis 


Pneumonia 


39 
é 
= 
= 
o cr an oon o 
TAF 
|| 
j 36 § 


TABLE XVIII - COMPARISON OF ANTIBODY TITERS TWO WEEKS (Second Blood) AND 
FIVE MONTHS (Third Blood) AFTER VACCINATION, BY LOT VIRUS TYPE 


Lot by Antigenicity 
Level Type 


8s 


40 
No. Titer - Percert 
Good: 304) 1 Not vacc’d | 61.2]; 38 | 51] 68] 13.5 9.7 
Not vace’d 56.5} 6.3 | 3.8] 9.3] 13.9] 10.1 
Vace’d 18] 6.7 |13.4] 21.1] 148] 42.3 
Vace’d 8.8} 15.1 [16.9 | 10.2] 17.3 | 31.7 
Not vace’d 65.4] 3.8 | 38) 76] 93) 10.1 
Not vace’d 62.4) 3.4 | 46/105] 7.2] 11.8 
Vace’d 11] 3.9 | 15.8] 28.2] 19.7] 31.3 
Vace'd 3.2] 15.1 | 21.1 | 21.1] 134] 26.1 
Not vace’d 63.7/ 3.0 | 80] 131] 8.9 3.4 
Not vace’d | 60.3| 46 | 7.2] 15.6] 8.0 4.2 
Vace’d 1.1] 5.3 | 20.8] 261] 15.8] 31.0 
Vace’é 13.0 | 26.8 |12.7 | 11.3] 11.3 | 25.0 
Moderate: 305 I Not vace’d | 30.0/ 5.8 | 9.2] 242] 150] 15.8 
Not Vacc’d 25.0 | 5.8 | 13.3 | 20.0] 18.3 | 17.5 
Vace’d 111 [15.3] 6.3 |12.6 | 10.8] 18.9 | 36.0 
Vace’d 111 [18.0] 6.3 |13.5 | 10.8] 18.9 | 32.4 
: 0 Not vace’d 120 [32.5] 5.0 | 5.0 | 14.2] 16.7 | 26.7 
Not vace’d 120 {33.3 | 6.7 | 3.3 | 11.7] 20.0 | 25.0 
Vace’d 3.6 5.4 |18.0 | 19.8] 12.6 | 40.5 
Vace'd 111 7.2) 11.7 |18.0 | 17.1] 13.5 | 32.4 
m Not vace’d 120 [42.5 | 5.0 /11.7 | 16.7} 12.5 | 11.7 
Not vace’d 120 3.3 |12.5 | 20.8) 10.8 | 11.7 
Vace'd 111 2.7} 1.8 | 24.3] 15.3 | 41.4 
Vace’d Mi 9.9 | 12.6 [16.2 | 144] 10.8 | 36.0 
Low Moderate: 508 | I Not vace’d 78 9.0 |11.5 19.2] 15.4 | 25.6 
Not vacc’d 7% «(17.9 7.7 |15.4 | 15.4] 14.1 | 29.5 
Vace’d 60 5.0 | 8.3 | 0.0 | 13.3 | 28.3 | 45.0 
Vace’d 60 5.0} 1.7 | 6.7 | 10.0] 21.7 | 55.0 
0 Not vace’d 78 | 11.5 |i15.4 | 14.1] 12.8] 20.5 
Not vace’d 7 |21.8/| 12.8 |17.9 | 9.0] 11.5 | 26.9 
Vace’d 60 3.3} 3.3 | 8.3 | 21.7 | 21.7 | 41.7 
Vace’d 60 5.0} 3.3 | 8.3 | 21.7] 20.0 | 41.7 


TABLE XVIII - COMPARISON OF ANTIBODY TITERS TWO WEEKS (Second Blood) AND FIVE MONTHS 
(Third Blood) AFTER VACCINATION, BY LOT AND VIRUS TYPE - (CONTINUED) 
No. 


of Titer - Percent 
Pair 16 
Sera 


Lot by Antigenicity 
Level Type 


Low Moderate; 508 | Ml 
(Continued) 


41 
Populatio: 
Not vacc’d 7 |23.1] 10.3 | 21.8] 19.2] 144] 11.5 
Not vace’d 7% |21.8/] 10.3 | 17.9] 19.2] 179] 12.8 
Vace’d 60 3.3] 6.7 | 11.7] 10.0] 18.3] 50.0 
Vace’d 60 6.7] 3.3 | 15.0] 3.3] 21.7] 50.0 
Poor: 507 | I Not vace’d 216 0.9] 5.1 | 11.6] 16.7] 12.0 
Not vace’d 216 «(49.5 1.9] 46] 12.5] 134] 18.1 
Vace’d 168 3.0 | 7.7] 13.1 | 14.3] 13.7 
Vace’d 168 7.1] 12.5 14.3] 15.5 
0 Not vace’d 216 5.6] 60] 7.4] 134] 11.6 
Not vacc’d 216 «(/47.7| 46] 3.7] 9.7] 144] 19.9 
Vace’d 168 16.1] 83] 48/ 48) 13.1 
Vace’d 168 125 60] 65) 95] 13.7 
Not vace’d 216 56] 83] 7.4 5.6 
Not vacc’d 5.6] 9.7] 65 9.7 
Vace’d 168 65] 83] 65 | 12.5] 16.7 
Vace’d 168 «(50.0 5.4] 7.7] 13.1 | 10.7] 13.1 
Poor: 503 | I Not vacc’d 133 3.8] 9.8 | 19.5 | 11.3] 11.3 
Not vace’d 133 /42.9| 4.5 | 10.5 | 17.3 | 18.0 6.8 
Vace’d 113 [49.6 2.7 7.1 | 22.1 | 10.6 8.0 
Vace’d 113. /48.7| 2.7} 8.0 | 19.5 | 15.0 6.2 
0 Not vacc’d 133 90] 5.3 | 15.8 
Nor vacc’d 133/466 68 60 68/| 180] 15.8 
Vace’d 113 /40.7/ 62) 80/133] 9.7] 22.1 
Vace’d 113 {39.8 | 11.5 | 62] 17.7] 16.8 
m Not vace’d 133 47.4] 6.0 | 16.5 | 15.8 | 10.5 3.8 
Not vace’d 133. /42.1 | 8.3 | 17.3 | 13.5 | 12.8 6.0 
Vace’d 113. |16.8 | 13.3 | 124] 8.0 | 20.4] 29.2 
Vace’d [27.4 | 12.4] 7.1 | 11.5 | 25.7] 15.9 


LIST OF ILLNESSES RECORDED ON VACCINATION CLINIC RECORDS AS POSSIBLY RELATED 
TO INOCULATION AND REFERRED TO AS MAJOR REACTIONS 


Vaccine 


Lot No. 


Vacc inated Groups: 
1. Du Page, Tl 
2. Monroe, N. Y. 
3. Monroe, N. Y. 
4. Monroe, N. Y. 


5. Monroe, N. Y. 
6. Orange, N. Y. 


7. Westchester, N. Y. 
8. Du Page, Ml. 


9. Westchester, N.Y. 505 


Placebo Controls: 
1. Du Page, Il. Placebo 


2. Monroe, N. Y. 


3. Monroe, N. Y. 

4. Westchester, N. Y. 
5. Westchester, N. Y. 
6. Westchester, N. Y. 
7. Montgomery, Ohio 


8. Monroe, N. Y. 
9. Essex, Mass. 
10. Oakland, Mich. 


11. Erie, N. Y. 
12. Nassau, N. Y. 
13. Westchester, N. Y. 


Vaccinated Group 
1. Broward Co., Florida 305 


2. Bannock, Idaho 
3. Kansas City, Kans. 507 
4. Harris Co., Texas 


5. Orange Co., Texas 


6. Hartford, Conn. 


7. St. Joseph, Ind. 


Dates of 
Inoculation 


Onset of 
Iliness 


Remarks 


Placebo Control Areas 


4-28, 5-10, 6-2 
4-21, ---, --- 


4-28, ---, --- 
4-30, 5-1, --- 


4-30, 5-7, 6-4 
BB, 


4-28, ---, 
4-29, 5-6, 6-21 


5-6, 5-13, 6-10 


4-28, 5-5, 6-2 
4-29, 5-6, --- 


4-98, --<, --- 
5-7, 5-14, --- 
5-3, 5-10, 6-7 
4-28, ---, --- 


4-28, 5-5, --- 
5-13, ---, --- 
5-5, 5-12, --- 


4-20, 5-7, --- 
5-3, 5-13, 6-7 
5-4, 5-11, 6-8 


5-4, 5-11, -- 


-- 


5-7, 5-11, 6-11 


5-4, 5-11, --- 


4-30, ---, -- 


5-1 
4-30 


5-2 


6-27 


Fever 103, headache, cramps, stiff neck, nervous. 

Temp. 104, Bloody urine, similar attack one year 
ago. 

Pus in urine, fever, no organism recovered. 

Duration 2 weeks, No prior history. 


Kidney infection following attack of measles. 
Malformation of ureter. 


Pain in arms—not polio 


. Acute pyelitis, ureteral constriction, Staph. Aureus 


infection. 

Temperature, headache, nasal discharge, stiffness. 
Sore throat, covered with blisters. Present also 
on 5-6 and 5-16. Hospitalized, L.P. negative. 


Rigid spine. Temperature 102. Rehospitalized 
5-25 with hematuria, nephritis. 


Temperature 101. Stiff leg, arm, and buttocks off 
and on for 3 days. 


Fever, headache, vomiting, sensitive skin and thighs. 


Bed 


is with infection and poor sphincter 


5-6 
5-8 5-15 

6-8 

4-28 


5-14,5-21,6-18 6-28 


5-4 


5-18 


5-8 


5-12 


5-4 


control. 
Kidney infection—duration 1 week—no prior history. 
Sore throat, fever. 

Fever, high white blood cell count, hospitalized. 
Fever and headache day. 

Headache, dark urine, fever. Urologist diagnosed 
nephritis. Hospitalized 10 days. Frequent sore 
throat. Sed. rate up. Headache two weeks prior. 
Possible appendix. 

Kidney infection 5 weeks. Onset followed a severe 
upper respiratory infection with strep throat. 
Meningismnus. L.P. normal. Throat and tonsils 
inflamed. 

Reported as non-paralytic polio but diagnosis 
changed to mumps. 

Scarlet fever (family also), nephritis followed. 

Stiff neck sore throat, temperature 104. 


Fever 101, headache, pains in arms, legs and 
stomach. 


Areas 


Urticaria. History of allergy in parents, skin 
test of vaccine shows delayed reaction. 


Fever, neckache, sore throat. Polio suspect 
but ruled out. 


Pains in neck, fever, swelling at site of injection, 
swelling of face and hands lasting 24 hours. 


Pneumococcus meningitis, second attack during 
the year. 

Vomiting, diarrhea, fever, sore throat, headache, 
pain in legs. Same trouble on 5-15 and again on 
6-11 lasting a few hours after injection. 

Pains in neck and legs. Slight limping. M.D. 
advised against 3rd shot. No fever. 


Stiff neck, upset stomach, 1 day. 
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LIST OF CASES RECORDED AS PARALYTIC POLIOMYELITIS IN CHILDREN 
RECEIVING VACCINE FROM THE BEGINNING UP TO FOUR WEEKS 
AFTER INOCULATIONS IN THE COMPLETE STUDY POPULATION 
(Addendum to Section on Occurrence of Early Cases--Page 20) 


I, Placebo Areas. 
A. Complete Series of Vaccine Inoculations 


1. Massachusetts 1611-01; Onset 6/23, less than 2 weeks after 3rd inoculation - Lot 514. 
Spinal fluid - pleocytosis, both arms and leg. Muscle score: (1) 20 (2) 15. 


Serology (1)64 64 32 


No Virus recovered. 
. New York 2620-10; Onset 6/22, 3 weeks after 3rd inoculation - Lot 505. 
Spinal fluid - pleocytosis, left arm and legs. Muscle score: (1) 46 (2) 2. 


Serology (1) 128 »>1024 4096 _ Resembles vaccinated 
(2) 128 >1024 16384 Suggests Type III infection 


No virus recovered. 
B. Partial Vaccine Series Inoculations 


1. Michigan 1704-01; Onset 5/13, after 2nd inoculation - Lot 503. 
Spinal fluid - 10 cells, increased protein. Severe quadruplegia. 
Muscle score (1) 393 (2) 394. 


Serology (1) 32 32 3008 | eye First stool specimen - negative 
(2) 256 16 512 Second stool specimen - Type I. 


Onset bilateral in ankles and moving upward. 
It should be noted that poliomyelitis had begun in this region. 


Il. Observed Areas 


A. Complete Series of Vaccine Inoculations 


1. Texas 3705-21; Onset 6/24 - 4 weeks after 3rd inoculation - Lot 305. 
Spinal fluid - pleocytosis, both arms and leg. Muscle score: (1) 16 (2) 0, mild. 


$4 Possibly Type I - Stool specimen, no virus. 


2. Texas 3701-04; Onset 6/30, 4 weeks after 3rd inoculation - Lot 303. 
Spinal fluid - pleocytosis, both arms and leg. Muscle score: (1) 18 (2) 0 
Very mild - difficult to interpret. 


Serology (1) 256 >1024 256 
(2) not obtained - resembles vaccinated. Stool specimen - no virus. 


3. Oregon 3101-01; Onset 5/22, less than 2 weeks after 3rd inoculation - Lot 305. 
Spinal fluid - pleocytosis, legs only. Muscle score: (1) not done (2) 0 - only 
good gluteus medius, 


No laboratory specimens obtained. 
4. Texas 3702-09; Onset 6/24, less than 2 weeks after 3rd inoculation - Lot 303. 


Spinal fluid - pleocytosis. Considerable uncertainty at first concerning diagnosis. 
Muscle score: (1) 14 (2) 0. Mild leg only. 
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. Texas 3705-08; Onset 5/8. Second dose vaccine May 6, third dose June 2 - Lot 305. 
Spinal fiuid - negative. Leg only. Muscle score: (1) 0 (2) 0. Only "good" 
gluteus medius. Classified not paralytic polio. 


re uns on = - May be vaccine response - no virus isolated, 
. Texas 3707-08; Onset 6/7, less than 2 weeks after 3rd inoculation - Lots 507 - 507 - 
309. Spinal fluid - pleocytosis, leg only. Muscle score: (1) 6 (2) 0. "Good" 
gastrocnemius. Clinically doubtful. 


Serology (1) 0 2048 2048 
(2) 256 8192 204g ~ No virus isolated. 


B. Partial Vaccine Series 
1. Colorado 0401-02; Onset 5/31, less than 2 weeks after 2nd inoculation. Lot 303. 
Spinal fluid - less than 10 cells. Right leg - fair. Muscle score: (1) 24 (2) 0. 


Serology (1) 128 8192 16 
(2) 32 1024 . = No virus isolated. 


. Oklahoma 3002-08; Onset 5/14, less than 2 weeks after 2nd inoculation. Lot 502. 
Spinal fluid - pleocytosis. All 4 extremities, right arm worst. 
Muscle score: (1) 72 (2) 23. 


Serology (1) Not done 
(2)0 4 >1024 ~ Possibly Type MI. No virus isolated. 


. Oregon 3102-05; Onset 6/2, less than 2 weeks after 2nd inoculation. Lot 305. 
Spinal fluid - pleocytosis. Left deltoid and thumb "good". Muscle score: (1) 0 (2) 0. 


Serology (1)512 32 0 
(2) 512 16 ~ No virus isolated. 


Fatal. 
. Oklahoma 3002-09; Onset 5/24. Vaccinations 5/5 - 5/12 - Lot 502. 
Spinal fluid - pleocytosis. No laboratory investigation. Called bulbar. 
Had tonsillectomy 5/15. No post-mortem permitted. Other cases in area at time. 
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NUMBER OF PARALYTIC AND NON-PARALYTIC CASES IN THE 
PLACEBO AND OBSERVED TRIAL AREAS BY WEEK OF ONSET 


NUMBER 
OF CASES 


——— PLACEBO AREA PARALYTIC 
PLACEBO AREA NON-PARALYTIC 

—--——--- OBSERVED AREA PARALYTIC 
OBSERVED AREA NON-PARALYTIC 


ONSET IN WEEK ENDING 


POLIOMYELITIS VACCINE EVALUATION CENTER 
UNIVERSITY OF MICHIGAN 
ANN ARBOR, MICHIGAN 
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CUMULATIVE NUMBER OF PARALYTIC AND NON- 
PARALYTIC CASES IN THE PLACEBO AND 
OBSERVED TRIAL AREAS BY WEEK OF ONSET 


PLACEBO AREA PARALYTIC 

PLACEBO AREA NON-PARALYTIC 
—-—-- OBSERVED AREA PARALYTIC 
OBSERVED AREA NON-PARALYTIC 
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ONSET IN WEEK ENDING 


POLIOMYELITIS VACCINE EVALUATION CENTER 
UNIVERSITY OF MICHIGAN 
ANN ARBOR, MICHIGAN 
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BELOW CARBON AND PULL FIAMLY TO DETACH. 


Vaccination Record 


REMARKS 


REASON FOR FAILURE TO COMPLETE 


Orerusen Owmoveo veceasen oTner ispeciry 


COPY |—Send to stete health officer on 


ond bieedings (to be forwarded te University of Michiyer) 


BLOOD LABEL 


REG. SCHEDULE SHEET Ne. 


LINE Ne. 


Scheel 
County 
Deve of 


THE NATIONAL FOUNDATION 
FOR INFANTILE PARALYSIS —FTISA 
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1. PLEASE USE TYPEWRITER OF PRINT WITH BALL-POINT PEN. 4 
2. ON COMPLETION. GRASP THIS STUS AND SOTTOM MARGINS IIIS 
3. FORWARD AS INDICATED ON BOTTOM MARGIN OF EACH COPY. 
FOUNDATION FOR BH PARALYSIS 
POLIOMYELITIS VACCINATION FIELD TRIAL 
Date of oar eam Name of Person Requesting Vaccination 
Registration Schedule Serial No Schoo! 
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THE NATIONAL FOUNDATION FOR INFANTILE PARALYSIS 
POLIOMYELITIS VACCINATION FIELD TRIAL 
MUSCLE EVALUATION 


(10-20 Deys) 
(FT-8 same form for 50-70 days) 


Puscuce against 
@avity and resistance 


Respiration, Voice, Face, Deghutition, Tongue, Mastics:\re and Paiste checked (\/) to show 


Degree Accuauistioa of sscretions presset. patient bie to clear throet and swallow without 
Degree Escess amount of secretions but area can be cleared by suc 
Degree} Ares Gils raptdiy, suctioning sot and wachectomy 
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PATIENT'S RESIDENCE REGISTRATION SCHEDULE. 
CITY O8 TOWN 
= 
N or 100% Gas Por 23% Tor 10% N.P.o 
NORMAL GooD PAIR POOR TRACE NO POWER Spesm according 
to severity 
against Function against Puacuce A few Sbers have 
warity and wrevicy only active 
involvement Qualitative g ade ao 
Highest Score Possibie 470 
FORM 
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Home Other [7] 3. Date of Onset (as reported) Month___ Day____ Year___ 


Poliomyelitis Vaccination Field Trial 


Investigation of Poliomyelitis Patient (or Family) 
Viral and Immunological Data 


The National Foundation for Infantile Paralysis 
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VEC Form-1t1 


POLIOMYELITIS VACCINATION FIELD TRIAL 


WEEKLY POLIOMYELITIS CASE REPORT 


CounTy STATE ENDING 
(won ™) 
NAME OF PATIENT SPECIFY 
Last INLTIAL Mont TDav Grave Non-Par. 


MAIL TO: 


POLIO VACCINE EVALUATION CENTER 


SPECIAL PROJECTS RESEARCH BL0G., Room 210 


UNIVERSITY OF MICHIGAN 
1133 CaTWERINE STREET 
P.O. Box #291 

ANN ARBOR, MICHIGAN 
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Outline of Basic Records Processing by the Vaccine 
Evaluation Center 


1. Receipt of Registration Schedules and 
Vaccination Records and preliminary count of study 
population by grade and school to determine com- 
pleteness of coverage for controls. 


2. Registration sheet numbers entered on 
master control to prevent and correct duplications 
and errors in identification of each child as to vac- 
cination status and residence at time of vaccination 
clinics. 


3. Basic records assembled in folders for 
each participating school and assigned identification 
codes covering type of area - placebo or observed, 
state, county or trial area if within county, type of 
school - public, private or parochial, city-size of 
school location and a unique school number. 


4. Routing of school folders through process - 
ing operations, administered by a central control 
unit. 


5. Inspection of records 


a. Vaccination Records counted and verified 
against vaccination dates on registration form 
to account for completeness of vaccination data. 


b. Line verification of Registration schedule 
to reinstate children incorrectly canceled in 
field when parents refused participation or to 
cancel names of children who moved away prior 
to vaccination clinic period in a particular school 
and cancellation of duplicate listings. 


c. Check for completeness of identifying 
data including grade, location of school, area 
and state. 


d. Correspondence with field to eliminate 
identification errors found and to obtain missing 
records. 


6. General editing and coding - this process 
includes a careful scrutiny of the recorded data for 
each child to detect inconsistencies and errors and 
missing items in the data requested on the basic 


forms and the coding of type and number of injec- 
tions received on a concealed basis, reactions, if 
any, and reason for not completing the series. 


7. Technical review of problem cases - 
inconsistencies in recorded data resolved by corres- 
pondence, telephone calls and staff visits to the field 
areas. 


8. Punching of basic data cards - a tabulation 
card punched for each study child containing all of 
the recorded data from the Registration and Vaccina- 
tion Records. 


9. Mechanical edit tabulation of punched 
cards to spot and correct inconsistencies not dis- 
closed by the verification of each processing step up 
to this point. 


10. Tabulations - a series of three mech- 
anical tabulations prepared to obtain distributions 
of the characteristics of the total study population 
by area, including grade, age, sex, vaccination 
status and vaccine lot numbers, participation status, 
type of reaction reported, if any, and others to serve 
as denominators in analyzing reported cases of polio- 
myelitis in the study population. 


11. Summary compilations of denominator 
data to be later combined with tabulations of 
cases for analysis and publication, including verifica- 
tion and cross-checking between tables to correct 


posting or computation errors. 


12. Transcription and coding of serological 
findings reported on FT-11 by participating labora- 
tories of first, second and third blood specimens. 


13. Punching of "Bloods" cards for com- 
parison of antibody titers in first and second bleed- 
ings by virus type. 


14. Punching of "Bloods" cards for com- 
parison of antibody titers in second and third bleed- 
ings by virus type. 


15. Tabulation of antibody titer changes be- 
tween first and second and second and third bleedings 
by four-fold rises for each vaccine lot or lot combina- 
tion and vaccination status to measure extent of anti- 
body change induced by the vaccine. 


Outline of Case Records Processing by the Vaccine 
Evaluation Center 


1. Work card established for each possible 
study and family case from weekly reports on Form 
‘YEC-11, telegram notification, NFIP Hospital Ad- 
mission and Discharge Records, or incidental infor- 
mation received by mail or phone. 


2. Each potential study and family case num- 
bered and logged on schedule showing expected due 
dates of series of case reports required. 


3. Folder established with chronological log 
on face of folder for each study and family case to 
include the reports upon receipt and review for com- 
pleteness and accuracy of reporting together with all 
special correspondence required and all other docu- 
ments relating to the case. 


4. Notification to participating laboratory on 
form postcard for each potential case giving name, 
area, school and other identifying information on 
specimens collected. 


5. Continuous revolving review of log of all 
cases, area by area, to point out missing and de- 
linquent case reports or inconsistencies and delays 
in collection of specimens by correspondence, tele- 


grams, and telephone calls to state and local health 
officers and laboratories to obtain required data. 


6. Follow-up of all migratory study cases Cen- 
ter is advised of by notification to new health offices of 


remaining case reports required. 


7. Transcription and coding of all case data 
for five intermediate punch cards, with prelimina-y 
VEC diagnosis at each stage on blind basis as to 
vaccination status, as follows: 


Card 1 - FT-6 data for each study case and 
each study member in a family containing a reported 
case in another family member. 


Card 2 - FT-6 data for all reported family 
cases and household roster data for all family mem- 
bers . 


Cards 4 and 4a - FT-7 muscle examination 
data (10-20 day) for study cases including detailed 
muscle scoring. 


Cards 5 and 5a - FT-8 muscle examination 
data (50-70 day) for study cases including detailed 
muscle scoring. 


Card 6 - FT-10 viral and serological data 
reported by participating laboratories for each study 
case. 


8. Preparation of above punched cards. 


9. Complete verification of all transcription, 
coding and punching of case data from detailed tabu- 
lation listings and the completion of necessary correc- 
tions with reverification as required in both the punch 
cards and transcription forms. 


10. Mechanical preparation of study case sum- 
mary cards combining most pertinent information 
from above intermediate case report cards with basic 
record data. 


11. Listing of summary card data on blind 
basis to permit final review of clinical case data and 
assignment of VEC interpretation of laboratory find- 
ings and VEC final diagnosis on a blind basis. 


12. Incorporation of VEC interpretation of 
laboratory findings and VEC final diagnosis in case 
summary cards. 


13. Tabulation of case data for analysis and 
preparation of summary report of vaccine evaluation 
with data classified as to vaccination status to permit 
comparison with the denominator data from the basic 
records and computation of incidence rates. 
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STATISTICAL METHODS USED IN ANALYSIS 


The methods presented here were used in the 
statistical analysis of data in the summary report. 
Methods are shown for computation of rates, esti- 
mation of effectiveness of vaccine, testing of differ- 
ences between rates, and computing a confidence 
limit (lower) for estimates of effectiveness. 


1. Computation of Rates 
R, = rate for vaccinated “ih x 100,000 , 


= rate for control 100,000 , 


where 
N, = number of children vaccinated, 
N, = number of children in comparable control, 
mi = number of cases among vaccinated children, 
nz = number of cases among control children. 


. Estimation of Effectiveness 
E = point estimate of effectiveness 


= 100(1 — F)% 
. Testing for Significant Difference between Rates 


Tests for significant difference between rates 
involve several ¢ epts and decisi Rates pre- 
sented from the data were often based on very few 
cases. Therefore the decision was made to use the 
binomial theory for all situations in which the total 
number of cases, n = n;+N2, was not greater than 
150. Tables of the binomial distribution are not 
available for values of n in excess of 150. The 
normal approximation to the binomial distribution 
was used when n was greater than 150. 


The hypothesis tested in determining the sig- 
nificance of a difference between the rates for a 
given vaccinated group and the comparable control 
was that R, = Re. The alternative to this hypothesis 
is R; < Re. This is a "one-tailed" test in that the 
alternative to the hypothesis does not consider the 
case R, >R,. Using this method either the rate for 
vaccinated is significantly lower than the rate for 
centrol, or there is no significant difference. 


This test may also be considered as a test of 
the hypothesis E = 0 against the alternative E >0. 


a. Testing when n < 150 


Find B, where 


B may be found in Tables of The Cumulative 


Binomial Probabilities,U.S. Army, Ordnance Corps, 
Ordnance Corps Pamphlet ORDP 20-1, September 1952. 


In terms of these tables, 


+1, 0, when S50 


or B= P(a,, when 2-30 


Significance of the difference was classified as 


follows: 
If .05<B , not significant, 
.01< B , significant at 5% level, 
.05< B $.01 , significant at 1% level, 


B < .001, significant at 0.1% level. 


b. Testing when n > 150 
Find t, where 


ny.+ 1/2 


Significance was assigned as follows: 


If t < 1.64 , not significant, 
1.64 St < 2.33 , significant at 5% level, 
2.33 <t < 3.09 , significant at 1% level, 
3.09<t , Significant at 0.1% level. 


4. Computing a Confidence Limit (lower) for Esti- 
mates of Effectiveness. Only lower 5% limits were 
calculated for the estimates of effectiveness. 


a. When n <150 
Solve the equation, 


for p and find the lower limit, L, of E using b. When n >150 


Solve the equation, 
limit of E. — m+ 1/2 _ 
L is the lower 5% Pat 1.64 , 


Using the binomial tables referred to above, for p and substitute the larger value of p in the 
find p such that equation for L given above. 


The methods used in sections 3a and 4a are 
P(n,+1, n, p) = .95 when p<.50 derived from those presented by Allan Birnbaum in 
; the Journal of the American Statistical Association, 

or P(n,, n, 1-p)= .05 when p2.50 . Vol. 49, No. 266, June 1954. 
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